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More tools. Better tools. The right tools. 

From the world's most powerful oscilloscopes to the most widely used serial data 
protocol analyzers in the industry, LeCroy products are all about the tools. 

Now the LeCroy toolbox is more powerful than ever in oscilloscopes you 
didn't know you could afford. From 200 MHz to 2 GHz, LeCroy scopes offer 
more analysis and debug tools than anyone else at prices from $3,000. 
So what are you waiting for? Find the right tool for your design debug 
job at LeCroy. We're all about the tools. 




Visit www.lecroy.com Keyword "ToolslVlatter' 
1-800-5-LeCroy 
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RECEIVE A FREE Quality Electronic Components, Superior Service 
PRODUCT CATALOG! 

Now Featuring: More Wireless 

Components Tlian Ever! www.digikey.com • 1.800.344.4539 

Visit WWW.digil<ey.COm/CatalOy 701 Brooks Ave. south • Thief River Falls, MN 56701 • USA 



© 2006 Digi-Key Corporation 



HOW COOL IS YOUR BRICK? 



IR's DC Bus Chipset Enables Converters with 48V if^, 9.6Vqut, 330Wat97% Efficiency and 40° Cooler \ 



Chipset in this example is comprised of 3x IRF6646, 4x IRF6635, and 2x IR2086S 



r2r=o= 




Full-Bridge Bus Converter Chipset (IRF6646, IR2086S, IRF6635 1 
48Vin/9.6Vout/ 175kHz 




97°/o 



15 20 
Load Current {A| 

New DC-DC Chipset Solution from International Rectifier 
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DirectFET' 


MOSFETs 










Part# 


Package 


Vqss 


RosM max@VGs=10V 


Qg Typical 


Qgd Typical 


IRF6B44 


Medium can 


lOOV 


13mn 


35nC 


11.5nC 


IRF6B55 


Small can 


1D0V 


62mn 


8.7nC 


2.8nC 


IRF6B46 


Medium can 


80V 


9.5mn 


36nC 


12nC 


IRF6B38 


Medium can 


30V 


2.9mn 


30nC 


lInC 


IRF6B35 


Medium can 


30V 


1.8mn 


47nC 


17nC 


IRF6B31 


Small can 


30V 


7.8mn 


12nC 


4.4nC 


IRF6B29 


Medium can 


25V 


2.1mn 


34nC 


lInC 


IRF6B28 


Medium can 


25V 


2.5mn 


31nC 


12nC 


IRF6B22 


Small can 


25V 


6.3mn 


lInC 


3.8nC 



Control IC 



Part# 


Package 


Voltage Rating 


Description ^^^^^^ 


IR2085S 


SO-8 


100V 


Primary-side half-bridge control IC, 
fixed 50% duty cycle, self-oscillating 


IR208BS 


S0-1B 


100V 


Primary-side full-bridge control IC, 
fixed 50% duty cycle, self-oscillating 



DirectFEP is a registered trademark of International Rectifier. 



for more information call 1.800.981.8699 or visit us at 

www.irf.com/dcdc 



International Rectifier's new power 
management DC Bus converter chipset, 
featuring DirectFET® MOSFETs and 
proprietary ICs, delivers 48Vjp, S.BVput, 
over 330W at 97% efficiency for 
networking and telecommunications 
systems ... at much cooler temperatures 
-up to 40°C! 

• Achieves up to 1.5% better 
efficiency compared to industry 
standard quarter brick form factors 

• Single DirectFET MOSFET can replace 
two SO-8 devices 

• Reduces component count by > 45% 

• Board space reduced by 29% vs. 
quarter brick form factors 

• Industry best Rosion) for IRF6644 
(13mQ), IRFB646 (9.5mQ), 
IRF6635(1.8mQ) 

Design services and reference designs 
available at http://niypawer.irf.com 



nternationa 
Rectifier 

THE POWER MANAGEMENT LEADER 




To meet the tough requirements to modern microcontrollers Atmel® has now combined ten years of low power 
research and development into picoPower'^"' technology for AVR® microcontrollers. picoPower enables AVR to achieve 
the industry's lowest power consumption with 650 nA with a real time counter running and 100 nA in deep sleep. 

What can AVR picoPower • True 1.8V supply voltage enabling operation of all features and core down to 1.8V 
do for your design? • Minimized leal<age current enabling 100 nA Power Down sleep consumption 

• Sleeping brown-out detector enabling full protection with no power penalty 

• Ultra low power 32 kHz crystal oscillator enabling operation at only 650 nA 



For more information, checl< out www.atmel.com/ad/picopower 


^liiiEL 


© 2006 Atmel Corporation. All rights reserved. Atmel*", logo and combinations thereof, AVR*", Everywhere You Are*" are registered trademarks of Atmel Corporation or its subsidiaries. 
Other terms and product names may be trademarks of others. All Characters in this document are created by Mykle and Fanlasi-Fabrikken AS 2006. 


Everywhere You Are® 



High-Performance Analog »Your Way 

Tl Products, Application Knowledge and Support 




xas Instruments, we know that we only succeed when we help you succeed. That's why we provide 
igh-Performance Analog » Your Way. Now more than ever, Tl gives you high-performance analog products, 
application knowledge and technical support to help you win in the marketplace. 



Advanced product that meet the performance requirements of your design » 

From amplifiers and data converters to power and interface, Tl has high-performance 
analog ICs foryourneeds. 

Application knowledge to make your design process easier » 

Because Tl develops analog and digital ICs across the board and for a wide range of 
applications, we have knowledge of complete systems and can assist you in the overal 
design process. 



su/',,^ Local analog technical support for your design » 

:7TT>s^\ Tl's worldwide analog support infrastructure includes the most extensive network 
j-l-V) y of analog application engineers, providing support locally where you need it. 



www.ti.com/analog 



High-Performance Analog » Your Way. Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1 736A0 © 2007 Tl 



Technology for Innovators™ ^ Texas Instruments 



Comprehensive Analog Portfolio 

High-Performance Analog » Your Way 



Audio Amps 
Buffer Amps 
Difference Amps 
High-Speed Amps 
Instrumentation Amps 
Isolation Amps 
Log Amps 
Low-Voltage Op Amps 
Power Op Amps 
Precision Op Amps 
Programmable Gain Amps 
Video Amps 

IP 




I 



Audio ADCs 
Delta-Sigma ADCs 
Pipeline ADCs 
SARADCs 
Audio DACs 
Current-Steering DACs 
Delta-Sigma DACs 
Precision DACs 
General-Purpose DACs 
Audio SRCs 
Data Acquisition Systems 
Modulators/Filters 



Battery Management 
Charge Pumps M 
DC/DC Switching Controllers 
DC/DC Switching Converters 
Digital Power 
Display Drivers 
Hot Swap 
LED Drivers 
Linear Regulators 
MOSFET Drivers 
Plug-In Modules 
Power Factor Correction 
Power Supply Control 



1394 
CAN 

Circuit Protection 
Digital Isolators 
Display Interface 
LVDS/MLVDS 
PCIe/PCI 
RS-485,232 &222 
SCSI 
Serializers 
Deserializers 
Transceivers 
UARTs 
USB 




4-20 mA Transmitters 
Analog ASSPs 
Analog MUXs 
Clacks & Timers 
Comparators 
Current Shunt Monitors 
Digital Up Converters 
Digital Down Converters 
Fan Controllers 
ISM Band 
References 
Switches 
Temp Sensors 
ZigBee™ 




\ YOUR WAY 




Texas Instruments offers a comprehensive high-performance analog portfolio from amplifiers and data converters 
to power management and interface. Whether you need faster speed, higher precision, lower power or smaller 
size, Tl has analog ICs to differentiate your design. That's High-Performance Analog » Your Way. 



Low-noise, low-power, 36V bipolar op amp [W/VHi; 3.5mA) in small MSOP-8 package 
■U^cKjci Lowest power, zero-drift op amp: 2[iA offset, 1 7p A current, SC70 and S0T23 packages 
^^^9 Fastest 16-bit SAR ADC (4MSPS) 2LSB INL, g2.5dB SNR 

Bnl3M Fastest 14-bit ADC (190MSPS) 73.2 SNR at 70MHz IF; 84dBc SFDR at 70MHz IF; 1 .IW power 

High-speed digital isolator 4000V (peak) isolation; signaling rate of 0-1 SOIVIbps; high EMI; 
low input current requirement; failsafe output 

■KjJigWll PurePath Digital™ amplifier capable of driving more than 300W 

^^^^^ 96% efficient buck-boost converter with up to 28% greater run-time; 3x3 mm^ QFN package 

HmhieiiM Stackable, scalable, flexible PWM buck controller generates 1 0A to 320A of output 
current and enables maximum efficiency up to IB phases 



High-Performance Analog » Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 
All other trademarks are the property of their respective owners. U37A0 © 2007 Tl 



www.ti.com/analog 



Technology for Innovators" ^ Texas Instruments 




Application Knowledge 

High-Peiformance Analog » Your Way 



i 




Because Tl develops analog and digital ICs across the board and for a wide range of applications, we have 
knowledge of complete systems and can assist you in the overall design process. Tl's broad and deep selection 
of high-performance analog products, combined with application knowledge and local technical support, helps 
companies like yours get to market faster with a winning design. That's High-Performance Analog » Your Way. 



Knowledge of 
applications 
within these 
categories 



Tl makes your design easier with: 

• End-equipment solution guides, system block diagrams, application 
notes, design software, simulation tools and evaluation modules 

• Application engineering support 

• Analog, DSP, MCU and Logic ICs for your design needs throughout 
the signal chain 



/ww.ti.com/anal 



High-Performance Analog » Your Way, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1738A0 ©200) 



Tech n o I o gy f o r I n n ovato r s™ ^ Texas Instruments 




At Texas Instruments, we know that we onlysucceed when we help you succeed. So we've built a worldwide analog 
support infrastructure that works locally with customers, large and small, to help you get the most from your analog 
design. That's High-Performance Analog » Your Way. 



Tl supports you with: 



■ The largest technical sales network representing over 1 5,000 high-performance 
analog products. 

■ The most extensive network of analog application engineers, located around the world, 
providing support where and when you need it. 

■ Hundreds of high-performance analog IC design engineers developing products based 
on customer needs. 

■ Samples and small quantity orders shipped within 24 hours. 

■ Technical training, quick search, evaluation modules, simulation tools, system block diagrams, 
application notes and software - all to ease your design process and reduce time-to-market 



High-Performance Analog » Your Way, Technology for Innovators and tiie red/black banner are trademarks of Texas Instruments. 1739A0 © 2007 Tl ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 

Technology for Innovators" ^ Texas Instruments 



For simulation tools, system 
block diagrams, evaluation 
modules, samples, application 
notes, training and more » 
www.ti.com/analogelab 
1.800.477.8924 ext.1 100 



Design 10X Faster 

with Graphical System Design 



^^^^H TRADITIONAL SYSTEM DESIGN 1^ 











GRAPHICAL SYSTEM DESIGN' 



Graphical System Design 

Accelerate your embedded design using National Instruments LabVIEW 
graphical programming, third-party tools, and commercial off-the-shelf 
hardware. Graphical system design empowers you to rapidly design, prototype, 
and deploy embedded systems. 




DESIGN 



PROTOTYPE 



DEPLOY 



> Control design 

> Intellectual property libraries 

> Digital filter design 

> Dynamic system simulation 



> I/O modules and drivers 

> COTS FPGA hardware 

> VHDL and C code integration 

> Design validation tools 



> Rugged deployment platforms 

> Distributed networking 

> Human-machine interfaces 

> Firmware management 



"With graphical system design through Nl LabVIEW 
and CompactRIO, we designed a motorcycle ECU 
prototyping system in three months versus two-and- 
a-half years with traditional tools." 

- Carroll Dase, design engineer 
Drivven, Inc. 



Learn how to design fasterthrough Webcasts by Analog Devices, 

Celoxica, and IViaplesoft at ni.com/design. (800) 450 8999 



© 2006 National Instruments Corporation. All rights reserved. CompactRID, LabVIEW, National Instruments, Nl, and ni.com are trademarks of 
National Instruments. Other product and company names listed are trademarks or trade names of their respective companies. 8088-821-101 
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Putting the squeeze 
on 1 6-bit processors 

^\ Flanked on either side 
I 1 of tlie performance, 
V*/ V»y price, and power curve 
by 8- and 32-bit processors, can 
1 6-bit processors survive? 

by Robert Cravotta, 
Technical Editor 




Taking control 
of machine vision 

Improvements in pro- 
* \ I cessing power and soft- 
V-X I ware availability along 
with the rise in digital cameras are 
making the use of machine-vision 
systems for industrial control an 
increasingly attractive approach. 
These trends are simplifying sys- 
tem creation, but getting the 
system to function as intended 
still requires careful attention to 
details. by Ricliard A Quinnell, 
Contributing Technical Editor 
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A deep dive into HD 
for video-system 
design 

^'^"'"'^^ digital-video 
l'\ ^-mA revolution is now well 

\^ V-^ under way Is the time 
right for you to support high- 
definition resolutions? 

by Jeremiah Goiston and 
Gene Frantz, Texas Instruments 



Gain-of-two instrumentation amplifier uses no external resistors 



r Analog switch converts 555 timer into pulse-width modulator 
Drive a blue LED from a 3V battery 

Add simple disable function to a panoramic-potentiometer circuit 
Simple single-cell white-LED driver uses improvised transformer 
Implement a stepper-motor driver in a CPLD 
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Design with confidei 

Introducing the new Stratix III family. 





tratix II 
The Lowest-Power 



Building on the success of prior generations, 
Stratix® III FPGAs give you the highest _ 
performance available, while keeping power ' 
consumption to a minimum. j 

Design your next-generation systems with confidence. 1 

Design with Stratix III FPGAs. j 



QUARTUS II 



The Programmable Solutions Company^ 



www.altera.com/confidence 



Copyright © 2006 Altera Corporation. All rights reserved. Ahera, The Programmable Solutions Company, the stylized Altera logo, specific device designations, and all other words and logos that arc 
identified as trademarks and/or service marks are, unless noted otherwise, the trademarks and service marks of Altera Corporation in the U.S. and other countries. All other product or service names 
are the property of their respective holders. Altera products are protected under numerous U.S. and foreign patents and pending applications, mask work rights, and copyrights. 
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Dilbert24 



23 Connector matches PCIe and 1 Gigabit 
Ethernet data rates 



23 FIRST unveils 1 6th annual robotics challenge 

24 Real-time, 20-GHz-bandwidth DSO takes 50G 
samples/sec and captures four 200M-sample 
records at once 



26 Characterization tool aids SSTA-library creation 

28 Laptop power efficiency increases in dribs and 
drabs 

28 USB module replaces legacy RS-232 connectors 

30 IC-tool flow supports new power standard 

32 Voices: Mercury's Craig Lund: guiding innovation 
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38 


Baiter's Best: Engineers need stories, too! 


42 


Tales from the Cube: In the days of old, when 




engineers were bold 


44 


Prying Eyes: See inside a cereal surprise 


100 Scope: International Symposium on Quality 




Electronic Design, fault-tolerant computing, and 




consumer quality 



95 Switches and Relays: 1 6A relays, current-sensing 
intelligent power switches, solid-state relays, GaAs 
RF switches, and more 

96 Microprocessors: Emulators, development kits, 
and DSP controllers 
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PIC24 MCUs 



Highly integrated family of 1 6-bit PIC* MCUs 
designed to meet the demanding needs 
of real-time control. Common attributes 
among all PIC24 MCUs include reliable 
and flexible flash memory, pinout, 
software and peripheral compatibility, as 
well as common development tools. 



MicnocHip 




mouser.com/microchip/a 



B6TS - Capacitive Touch Sensing ICs 



Capacitive touch sensing IC developed 
to be highly tolerant of its working 
environment with adaptive features 
such as self-teaching, auto threshold, 
and intelligent filtering to meet the 
demands of most applications today. 



omRon , , 

ELECTRONIC COMPONENTS mouser.com/onnron/a 





For over 40 years engineers have relied on 
Mouser as their source for electronic components. 
And with the most rapid introduction of new 
products, Mouser gives you a critical 
time-to-market advantage. 

That's why we deliver the ONLY 1,800+ page 
catalog of the newest product information 4 times 
a year. And with daily updates to over 740,000 
products on-line, you can depend on Mouser to 
save you critical time to market! 

Experience Mouser's time-to-market 
advantage! Our vast selection of the NEWEST 
products, NEWEST technologies, new catalog 
every 90 days, no minimums, and same-day 
shipping on most orders, gets you to market 
faster. We make it easy to do business with 
Mouser! 



MOUSER 

ELECTRONICS 



a tti company 

The Newest Products 

For Your Newest Designs 



Serial ATA Cable 
Assemblies 

Cable 
assemblies 
with positive 
locking 

latches that ensure cable connection. Features 
high-speed data transfer at SOOMBps, can be hot 
swapped without shutting down or restoring 
system, built-in RAID support, 26AWG wire size, 
1 .5A max. current, and 40V max. voltage. 




molex 



mpany ) a world of in 



mouser.com/molex/a 




Non-Isolated 
SMTand 
SIP DC-DC 
Converters 

Open-frame 

construction and small footprint enable designers 
to develop cost-and space-efficient solutions. 
Features programmable output voltage, remote 
on/off, output overcurrent protection, and a 
temperature range of -40°C to -i-85'C. 



ti/ca 

Electronics 



mouser.com/tycopowersystems/a 



RGB LED Light 
Engine 




mouser.com 



(800) 346-6873 



Light engines with 
independent color 
control for dynamic 
or pre-set color 
display. Features round footprint for design 
flexibility, 350mA drive currents, three channel 
control with independent input/output, -4,000V 
HBM, and an isolated metal base that makes 
wiring in series or parallel on a common heat 
sink possible. 

lamma mouser .com/lamina/a 



The NEWEST Semiconductors | Passives { Interconnects | Power { Electromechanical | Test, Tools & Supplies from IVIouser Electronics 



Mouser and Mouser Electronics are registered trademarks of Mouser Electronics, Inc. Ottter products, logos, and company names mentioned herein, may be trademarks of ttieir respective owners. 
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Check out these Web-exclusive articles: 



Freezing temps affect 
lithium-ion-battery charging 

Here's an interesting word of caution from 
file excellent Battery University Web site: 
It's hazardous to charge lithium-ion batter- 
ies at temperatures below freezing. 
www.edn.com/07021 5t1 



Evaluating a competitor's patent 

Following some basic guidelines for 
analyzing patents can add value to your 
assessment 

www.edn.com/article/CA641 1009 



F 



The future of DSP: 

chatting with Tl's Gene Frantz 

Gene Frantz, whose contributed article 
appears on pg 69 of this issue, is one 
of those industry insiders who probably 
finds it impossible to be boring. 
www.edn.com/07021 5t2 

Laptop RAID: 

The first eggs have been laid 

Computer manufacturers could fairiy eas- 
ily convince a portion of their customers to 
pay a premium for enhanced data security. 
www.edn.com/07021 5t3 

Heat-pipe book review: chapter excerpt 

Here's a free chapter from Heat Pipes: 
Theory, Design, and Applications, by David 
Reay and Peter Kew. 
www.edn.com/07021 5t4 



Promoting embedded processors with 
competitions 

The opportunities to strut your embedded- 
engineering-design prowess in a competi- 
tion format continue to roll on. 
www.edn.com/07021 5t5 



A selection of recent articles receiving 
high traffic on www.edn.com. 

The Hot 1 00 products of 2006 

www.edn.com/article/CA63991 00 

Cameras in hand: Image quality takes 
on new meaning for chip architects 

www.edn.com/article/CA6407336 

User-friendly model simplifies 
Spice op-amp simulation 

www.edn.com/article/CA6402894 

Soft-core processor gets an upgrade 

www.edn.com/article/CA278844 

Lithium-ion advancement improves 
safety and energy density 

www.edn.com/article/CA64071 56 

A tug-o'-war over home-network 
topology 

www.edn.com/article/CA6406930 

SOC, SIP, or separate? 
Wireless-USB vendors wrestle 
with integration issues 

www.edn.com/article/CA6406925 

Has Jobs lost his magic? 

www.edn.com/article/CA640661 6 

Connecting systems to displays: 
What we got here is failure 
to communicate 

www.edn.com/article/CA6402885 

Under the hood of hybrid vehicles 

www.edn.com/article/CA6402892 



We've selected the finalists, and now 
we want your votes in the 17th Annual 
EDN Innovation Awards. Visit the 
Innovation home page to read about 
each nominee and then make your 
choices using our easy electronic bal- 
lot. You'll also find information on the 
Innovation Awards event we're planning 
for April 2 in San Jose, CA. 
www.edn.com/innovation 

EXPERT ADVICE ON IP 

Do you have a question concerning intel- 
lectual-property protection that you would 
like an expert to answer? EDA/ sister 
publication Electronic Business is launch- 
ing a new feature called Expert Advice, 
in which you can submit your questions 
(anonymously) to a panel of IP experts. The 
experts' answers will then appear online in 
the coming weeks at both www.eb-mag. 
com and EDN.com. Send your questions to 
feedback@eb.reedbusiness.com. 

EDN PRODUCT FEED 

A centralized online 
location for write-ups 
of new ICs and com- 
ponents. 



Here's a taste: 

Processor designer supports next- 
generation VLIW processors 

New design combines multimedia 
and applications processors 

Reflective infrared switch provides a 
3-in. reflective distance 




www.edn.com/productfeed 
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Intersil Display Products 




High Performance Analog 




Multi-Channel 
DC / DC Converters 

• ISL97650 / 1 

• ISL97522 
•EL7640/ 1 / 2 
•EL7585/6 
•ISL8105 

• ISL6420A 
ISL644X 

Backlighting Solutions 

•1SL6882/3/4 

VcoM Calibrators with 
Integrated Vcom Drivers 
•EL9200/ 1 /2 

Gamma Reference 
^ Voltage Buffers 

EL5525 

iple Video ADC 
ISL98001 ^ 

Voltage Level Shifer 

•ISL24011 ■ 

Light Sensors 

• EL7900 

• ISL29000 • 

Voltage Monitors 

• ISL8801X 



Intersil offers the widest selection of analog components for TFT-LCD flat panel display 
modules. Our ICs offer the highest performance and high levels of integration while 
providing an exceptionally competitive solution cost. 



— DC / DC Converters 

— Triple Video ADCs 

^ Backlighting Solutions 

Vcom Calibrators with 
Integrated Vcom Drivers 

^ Programmable Buffers 
Voltage Level Shifters 
Ambient Light Sensors 

^ Voltage Monitors 



Our LCD power devices range from simple boost 
regulators to fully Integrated multi-channel devices 
with integrated Vcom and gamma reference buffers. 
The newest generation of devices also includes 
integrated sequencing and fault-protection to offer 
smaller BOM and lower overall solution cost. 

The Intersil product line-up includes analog front ends 
and high performance Vcom amplifiers supporting 
single, dual, and quad Vcom applications. Additionally, 
Intersil also provides complete backlighting solutions, 
including backlight drivers, white LED drivers, LCD 
and display drivers, and ambient light sensors to 
efficiently adjust gamma intensity. 



Complete TFT-LCD Display 
Linecard available at 
www.intersil.com/display 

Datasheets, free samples, and 
more information available at 
www.intersil.com „ 



1001 Murphy Ranch Road 
Milpitas,CA 95035 
North America 1-888-INTERSIL 
International (01) 1-321-724-7143 



Intersil -An Industry leader in Switching Regulators and Amplifiers. 



s Inc. All riglits reserved. The following are trademarl<s o 
es, and may be registered in the USA and/or other counti 



rvices marl<s owned by Intersil Corporation 
: Intersil (and design} and i (and design). 




HIGH PERFORMMCEAmLOG 



PLATFORM ^^^^ 



Ml 6C- The broadest platform 

with true code and pin compatibility 

42 to 1 44pin, 24K to 1 M Byte Flash & 1 K to 48K Byte RAM 



Renesas Technology 

No.l* supplier of microcontrollers in the world 

presents a wide range of Ml 6C microcontrollers. Ml 6C is the only fully code- 
compatible platform in the industry that addresses the entire 8-bit through 32- 
bit price/ performance application space. 

Your application can range between 24K Bytes and 1 M Bytes of code size, 
with between 42pins and 144pins of package size, while keeping the same 
code base and development tools. 

The consistency and compatibility of the Ml 5C Platform enables you to 
reduce your development time while still allowing the flexibility to adapt to 
changing system requirements. 

M16C Product Roadmap 




Binary 
comiiatibility 
vrilh the 
same CPU ^» 



•IBC PLATFORM (New CISC) ■ 
M16C/60 I 

> 1MB space H 

> 16 to 32MHz ^ 

> 16-bit multiplier 

> DMA 2ch 

,>-4KB data flash (virtual EEPROM) 



M1GCT[ny(NewCISC) H 

M16C/Tinyl 

► Small package (42 to 80pins) 
MO to 24MHz 

► Single-chip only 

► 4KB data flash (virtual EEPROM) 



M16C/26A 

20MHze3-5V , 



M16C/28 

20MHze3-5V 



LZ4K to 64K B Flash T 48K to 128K Flash W96K or 12gKB Fla 
RAM W m to 12KB RAM W 4K lo I'KB RAM ' 



HOT Products M16C/29 Group 



Ml 6C/29 Block Diagram 
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TimerA 5ch 
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CPU Core 


On-Clip Osc 


TimerA 3ch 


20MHz 


RTC 32KHZ 
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Motor Cont. 
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WDT 


Interrupt 


CRC 


ROM Correction 
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'lO-bitA/DMax27ch 


SI0/UART3ch 









ROM Max 12BKB 

MASK/Flash 
with Protection 



IC/OC timer 8ch 



SI02ch 



LVD 



DMAC 



MultimaserHC 



Top Reasons To Select M16C 

• Broad Platform - Wide range of selection; 24KB 
to 1 MB on-board Flash, 42pin to 144pin 

• Compatibility - Pin and Code compatibility 
across the platform enables you to 
upgrade/downgrade MCU in same package 
without changing the board design and peripherals. 

• Powerful - High speed interrupts (M32C: 0.61 u 
sec in 32MHz) , optimized instructions for 1 cycle 
operations, Hi-speed hardware multiplier. 

• Versatile - Specialized on-chip peripherals; CAN, 
LIN, 3ph-PWM, DMA, etc 

• Efficient - Multiple clock sources and multiple 
power saving modes 

• Quiet - Built-in noise cancellation circuits provides 
excellent EMI/EMS characteristics that outperform 
IEEE standard spec 

• Easy - Same Tool Chain for evaluation and 
development across the board 

• Reliable and secured - Trusted flash and built-in 
fail safe features such as oscillation-stop detection 
circuit, protect registers, enhanced WDT, etc. 



lower pin count, reduced function 



'Source: Gartner Dataquest {April 2006) "2005 Worldwide Microcontroller Vendor Revenue" GJ06333 



Get Started Today - 

Co online and register to be eligible for a FREE Starter Kit 

www.america.renesas.com/ReachM1 6C/a 




RenesasTechnologyCorp. 




Visit us at ESC Silicon Valley 

Embedded 2007 
Sgstems conference 
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SILICON VALLEY 



April 3-5, 2007 



Booth #716 & #3011 



Everywhere you Imagine. 
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BY PAUL RAKO, TECHNICAL EDITOR 



DRM cripples digital video 
from PCs to TVs 

As I researched 45-in. LCD panels for an upcoming article, 
it became clear that insidious forces are trying to pre- 
vent users from employing any new TV as a PC monitor. 
There are no new 45- to 47'in. LCD panels that can ac- 
cept a digital signal from an older computer. The digital 
HDMl (high-definition-multimedia-interface) inputs on 
TVs have HDCP (high-bandwidth digital-content protection). This sit- 
uation is a DRM (digital-rights-management) system that media com- 
panies and the government forced on the manufacturers. You can buy a 

new video card that has HDCP, but S4696 and the Toshiba (www.toshiba. 
DRM locks out home-built systems, . com) 47LX196 and 47LZ196, seem 
and only big companies will be able | identical. The manufacturers' Web 
to produce a PC that can render 
1080p signals on a TV (Reference 1 ). 
If, like me, you have an AGP (Ad- 
vanced Graphics Processor) -bus com- 
puter, you would also need to buy a 
new computer, because the new HD- 
CP cards are available with a PCIe 
(Peripheral Component Interconnect 
Express) bus. 

I own a Sharp LC-45GD7U LCD 
TV that allows me to display 1080p 
signals through the HDCP port. Al- 
lowing 1080p digital input from a 
computer was an oversight that almost 
every manufacturer soon remedied. 
Some LCD panels, such as the Vizio 
(www.vizio.com) GV47LF spec only 
1360x768 pixels through the analog 
D-sub connector and only 480X640 
pixels through the digital HDMI port. 
(Yet some forum users claim that the 
Vizio synchronizes with 1920X1080 
pixels through the analog port.) Equal- 
ly frustrating is the confusion over 
progressive scan. Some LCD-panel 
models, such as the Samsung (www. 
samsung.com) LN-S4695 and LN- 



sites disclose no differences other 
than a couple of connectors and a few 
hundred dollars. 

However, forum and newsgroup us- 
ers explain that higher digit model 
numbers accept progressive-scan 1080 
signals. But where do the TVs accept 
these signals? Both models of the Sam- 
sung accept 1080p through the analog 
connector That fact does not mean 
that it accepts 1080p from the HDMI; 
I can guarantee you that the manufac- 
turers have implemented HDCP so that 
you cannot mn the panel from your PC 
unless you use the analog port. 

Some large LCD panels, which lack 
TV tuners, can display digital signals. 
The Westinghouse (www.westing 
house.com) LVM-47wl manual makes 
clear that it can accept 1080p signals 
on its two DVI connectors as well as 
through the analog D-sub connec- 
tor. I suspect that the Polaroid (www. 
polaroid.com) FLM-4701 andByD:sign 
(www.bydsign.com) d:4742M moni- 
tors also accept digital 1080p signals. 
By hooking up external tuners and set- 



top boxes, you end up with a TV, but 
you would have to deal with quite a 
few remote controls. 

If you are considering hooking a PC 
to a large TV, you may have to resign 
yourself to using the analog D- sub 
connector Carefully do your research 
before making a purchase. If you see a 
VGA input, do not assume it is high- 
definition; the Vizio isn't. If you see a 
DVI (digital-video-interface) input, 
do not assume it is high-definition; 
the Sharp (www.sharpusa.com) isn't. 
The Mitsubishi (www.mitsubishi.com) 
LT-46231 DVI input starts looking 
for HDCP at resolutions higher than 
1280X720 pixels. If you see 1080p, 
don't assume you can get that into the 
set through the HDMI connector; it 
might just be a 1080p component in 
for Blu-ray players and game consoles. 
Some sets advertise 1080p because the 
LCD panel is progressive internally, but 
you cannot get a 1080p signal into the 
TV from any connector. You may need 
to do what my buddy Dave did when 
he bought a Samsung LTP468W: Drag 
a computer into a high-end-TV show- 
room and see whether the TV starts up 
with 1920X 1080-pixel resolution. 

Toshiba could not tell me whether 
the analog input of the 47LX196 could 
render 1 920 X 1080-pixel signals. The 
lack of clear information on these 
new TVs is a disgrace to the marker- 
ing departments at all the manufac- 
turers. The limitations on your use of 
these TVs as computer monitors are 
disgraceful to the engineering depart- 
ments. For a hardware company to 
make a product with a 1080p panel 
and no 1080p PC digital input, well, as 
Frank Zappa used to say: "If there is a 
hell, it waits for them."EDN 

REFERENCE 

n Doctorow, Cory, "Only big compa- 
nies' PCs will play high-def DVDs," 
BoingBoing.net, www.boingboing. 
net/2006/02/1 2/only_big_ 
companies_p.html. 
Contact me at paul.rako@reedhusiness. 
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No minimum 
order 

Buy only what 
you need 
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Next day 
delivery 

Order up to 
5 p.m. CST 
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Factory-fresh 
products 

No surplus or 
obsolete stock 
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Complete RoHS 
inventory 

The latest parts, 
fully documented 
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Full tech 
support 

Talk directly to 
our engineers 



1 



All values 
in stock 

If it's in our catalog, 
it's on our shelf 



reasons 
buy direct 
fromCoilaaft 



Because we're our own distributor, 
we guarantee that you can source 
any Coilcraft part with a single call. 

We stock the latest RoHS- 
W / M compliant products and 99 % 
|mI|P of your orders ship the 
!cowi-iftt« same day they're received! 

Whether you need 10 pieces or 10,000, 
the one place to buy all your Coilcraft 
magnetics is Coilcraft Direct. 



Any part. Any quantity, Any time. 
800-322-2645 buy.coilcraft.com 



Get on Tl'ack with Micrel Sequencing 



MIC68200 Solves your Tracking, Sequencing and Ramp Control™ Requirements 




ASIC, FPGAand CPU manufacturers require 

complex and unique start-up protocols for loads on the 
system board. Micrel's MIC68200 is designed specifically 
to address those protocols and make the task of the system 
designer simpler. 

The MIC68200 operates from a wide input range of 1.65V to 
5.5V, which includes all of the main supply voltages com- 
monly available today. It is designed to drive digital circuits 
requiring low voltage at high currents. The chip incorporates 
a delay pin (Delay) for control of power on reset output 
(POR) at turn-on and power-down delay at turn-off 

Additionally, there is a ramp control pin (RC) for either 
tracking applications or output voltage slew rate adjust- 
ment at turn-on and turn-off. This is an important feature 
in applications where the load is highly capacitive and 
in-rush currents can cause supply voltages to fail and 
microprocessors or other complex logic chips to hang up. 
All power-up protocols, sequencing, window sequencing, 
tracking and ratiometric tracking can be implemented with 
minimal components, thereby eliminating the need for 
complex power management ICs. 

For more information, contact your local Micrel sales rep- 
resentative or visit Micrel at: www.micrel.com/ad/mic68200. 
Literature 1 (408) 435-2452 Information 1 (408) 944-0800 



The Good Stuff: 



♦ 
♦ 
♦ 
♦ 
♦ 
♦ 



♦ 
♦ 



Input voltage range: 1.65V to 5.5V 

Stable with 4.7nF ceramic capacitor 

1.0% initial output tolerance 

2A maximum output current - peak start up 

1A Continuous Operating Current 

Power-on Reset (POR) supervisor with programmable 

delay time 

Programmable Ramp Control for in-rush current 
limiting and slew rate control of the output voltage 
Tracking on turn-on and turn-off with pin strapping 
Timing Controlled Sequencing A 
On/Off ^ 

Single Master can ^^^t^^^^^^^^^^m 

control multiple 
Slave regulators 



Visit us at 
APEC 2007 
Bootli# 409/411 



IHIEIIbL 

InnovaMon Through Technology^'^ 



© 2006 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc. 
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Low Profile 

.24" ht. 



• Manufactured and tested 
to MIL-PRF-27 

• Frequency range 
20 Hz to 250 KHz 
Available from 
100 milliwatts to 3 watts 

• Impedance from 20 ohms 
to 100 K ohms 

• Operating temperature 
-55°C to +130°C 

• Low Profile .24" ht. 

• Thru-Hole available 




^ li^^ See EEM 

^^"^ or send direct 
^St^ for FREE PICO Catalog 
Call toll free 800-431-1064 

^ in NY call 91 4-738-1 400 
Fax 914-738-8225 



PICO 



Electronics, Inc. 

143 Sparks Ave.. Pelham, N.Y. 10803 

E Maii: info@picoeiectronics.com 




We listen intently to what customers say and are careful to 
accurately comprehend any problems. Through technical innovation 
and a broad perspective, we are able to suggest effective solutions. 



Digital home electronics solutions 



Multi-Lamp Drive Inverters 

•-< For a Large-Size Liquid Crystal Display Backlights 



The corporate spirit of TDK is embodied in its dedication to 
production. From its fresh perspective TDK will continue to 
contribute to the evolution and development of electronics in 
society. 
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SRW-EG Series 

Multi-Output Type Transformers 

ACM2012D/H, TCM1210H Series 

DVI/HDMI Common-Mode Filters j 



ZCAT-D/F Series 

Clamp Filters (Ferrite Core with Case) 



AVF Series 



\« » - ' > Multilayer Chip Varistor Arrays for High-Speed 

>»» Differential Data Transmission Lines 

rsSAr^X "GBDriver" RA Series 

\, \^ NAND Flash Memory Controllers 



TDK CORPORATION http://www.component.tdk.com/ 
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Change The Point of View 

Always Unique, Always Innovative Solutions 




Broadband solutions 



Car electronics solutions 



W ASM Series 

Multi-Band Antenna Switch Modules 

TOM Series 

- Thin Film Common-Mode Filters/Filter Arrays for 
I ' High-Speed Differential Data Transmission Lines 

BCS Series 

\^ Amorphous Silicon Type Visible Radiant Optical 

Sensors 



AVR Series 

Multilayer Chip Varistors (counter measure for 
surge and static electricity} 

MEA Series 

Multilayer Chip EMI Filter Arrays for 
Mobile Device Signal Lines 

"Flexield" IRL, IFL Series 

RFID Magnetic Sheets/Noise Suppressing Sheets 



The TDK logo is a trademark or registered trademark of TDK CORPORATION. 



DC to DC Converters 

For Hybrid/Fuel-Cell Vehicles 

ACT45B Series 

Common-Mode Filters for CAN-BUS/FlexRay 



% ' C Series 



X8R Multilayer Ceramic Chip Capacitors 



NEOREC Series 

Nd-Fe-B Type Magnets for High-Power Motors 



FB9 Series 
^^^^ Ferrite Magnets for Micro-Motors 



UEL Series 

Organic EL Displays 
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Wow! Jameco just added 65,000 
new major-brand products! 
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\^ PARTS ^.^--^^ 

The industry's fastest ^ 
growing product offering! 

You know that Jameco's catalog 
always offers over 99% in-stock 
availability— the best of any elec- 
tronic components distributor... 

And now, they have the 
fastest growing product offering 
in the industry! 

They've just added another 
65,000 new parts to their online 
catalog; and it's everything 
from ICs to passives, optos to 
interconnects, power supplies 
to electromechanical. 

Service & Availability! 

As Design Engineers 
know, Jameco offers great 
service, selection and 
same-day shipping! 

Now you can get those 
same benefits for even 
more great brands. 
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VISHAY '^'"^ ^^^^^ 
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Check out these new 
and expanded lines: 
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PARTS ' **-- — •* Aromat • Atniel • Augat 

S ^ ^ Avago • AVX • Bourns • Buchanan 

C&K Switches • Comair Rotron 
Condor Power Supplies • CTS 
Cypress • Dcillas Semiconductor 
Elco • Fairchild • Grayhill • Intel 
Intersil • Keystone • Lumex 
Lumileds • Maxim • Microchip 
Micron Technology • Molex 
NXP/Philips • Panasonic 
Power- One • Raychem 
Renesas Technology 
Sandisk • Siliconix 
ST Micro • Texas 
Instruments • Toshiba 
Tyco Electronics • Vishay 
Intertechnology 
Wakefield. 
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Get it here. Right now: 

Jameco.com/EN4 



Great Products. 
Awesome Prices. 
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INNOVATIONS & INNOVATORS 



Connector matches PCIe 
and 10 Gigabit Ethernet 
data rates 

Systems based on serial-interconnect standards, such as PCIe 
(PCI Express), and networking standards, such as 10 Gigabit 
Ethernet, invariably need cable and connectors than can han- 
dle the escalating data rates. For exactly such applications, Amphenol 
has announced the XCede connector platform. XCede targets data- 
com, telecom, storage, and wireless equipment that leverages PCIe 
and Gigabit Ethernet, along with SONET/SDH (synchronous-optical- 
network/synchronous-digital-hierarchy). Fibre Channel, and InfiniBand 
interconnects. The connectors employ a highly reliable press-fit 
attachment and incorporate a 3-D shield technology that minimizes 
crosstalk. 

Amphenol will develop XCede connectors on a custom basis 
because the connectors will connect custom backplanes. The XCede 
platform supports two-pair (27.5-differential-pair/in.) through six-pair 
(82-differential-pair/in.) versions. The prod- 
uct platform will also include bus-bar power, 
stacker, cable, and coplanar interconnects. 
The XCede connector family is now avail- 
able at prices of 1 to 1 6 cents per mated 
signal line in full production volumes. 

—by Maury Wright 
I: Amphenol, www.amphenol-tcs.com. 



A press-fit-connection 
scheme combines 
with high density and 
high speed to make 
the Amphenol XCede 
connector family a fit 
for datacom, telecom, 
and storage systems. 




FIRST UNVEILS 1 6TH ANNUAL ROBOTICS CHALLENGE 



Dean Kamen's FIRST (For Inspiration and Recognition 
of Science and Technology) organization has just an- 
nounced the challenge for this year's FIRST Robotics 
Competition (see "Sportslike competition drives sci- 
ence and technology education," EDN, Sept 1, 2006, pg 
12, www.edn.com/article/CA6363908). The "Rack 'N' 
Roll" competition will challenge teams of high-school 
students to build a robot that can place inflatable tubes 
on pegs on a 10-ft-high rack. FIRST expects more than 
32,500 students on more than 1300 teams from around 



the globe to participate this year. The organization is al- 
ways looking for engineers to mentor the students in the 
challenge that can clearly lead kids to a technical career. 

Beginning on March 1, the teams will compete at 37 
regional events in the United States, Brazil, Canada, 
and Israel. The season will culminate at the FIRST 
Championship, April 12 through 14, at the Georgia Dome 
in Atlanta. The events are free and open to the public. 

-by Maury Wright 

► FIRST, wwnM.usfirst.org. 
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Real-time, 20-GHz-bandwidth DSO 
takes 50G samples/sec and captures 
four 200M-sannple records at once 



Even though it makes 
Tektronix's DSA72004 
(digital serial analyzer), 
with its 22-psec, 1 to 90% 
rise time, sound like the ulti- 
mate real-time oscilloscope, 
the headline doesn't tell the 
whole story. Besides the 20- 
GHz DSA unit, Tek is rolling 
out two similar series of 4- 8- 
12.5- 16- and 20-GHz-band- 
width scopes. The lower priced 
DP070000 series offers the 
same bandwidths and chan- 
nel counts as the DSA series, 
but the base units provide a 
less comprehensive— albeit, 
upgradable— suite of signal- 
integrity-software tools. All 
members of both series can 
acquire more than 300,000 



waveforms/sec in the FastAcq 
segmented-memory mode. All 
use DSP filters to let you opti- 
mize SNR without altering the 
sampling rate, and all offer an 
rms-jitter noise floor of less 
than 400 fsec. 

In addition, the company is 
introducing the P7500 series 
of 1 3- and 1 6-GHz differential 
active probes. For designers 
working on ultra-high-speed 
serial buses, which use multiple 
differential lanes, the probes 
eliminate the need to use two 
scope channels to view one 
signal, thus enabling a four- 
channel scope to display activ- 
ity on two lanes, each compris- 
ing two wire pairs. One of these 
pairs carries signals toward 



The DSA70000 series and DPO70000 series provide industry- 
leading real-time bandwidth, a four-channel sampling rate, and 
memory depth. 



the probe point while the other 
transmits signals in the oppo- 
site direction. Moreover, a flick 
of a switch— with no relocation 
of probes on the unit under 
test— lets you view not only the 
difference signal, but also the 
common-mode signal or either 
signal in the pair. 

Tek says that the industry 
now clearly needs real-time 
scopes with the bandwidth 
and channel count of the high- 
end members of these fami- 
lies. Multilane, ultra-high-speed 
serial-bus data rates are poised 
to leap fonward, and, as voltage 
swings decrease to enable 
the higher data rates, compli- 
ance testing is proving unac- 
ceptable with scopes whose 





This tiny tip, available on the 
1 3- and 1 6-GHz P7500-series 
active differential probes, 
makes contact with both sig- 
nal leads and ground, enabling 
you to display-at the flick of a 
switch-the differential signal, 
the common-mode signal, or 
the signal on either side of the 
differential-line pair. 



DILBERT By Scott Adams 



UALLY, rAY JOB HAS 
BEEN OUTSOURCED 
TO INDIA. 




THAT'S INTERESTING 
BECAUSE YOU CAME 
HERE FROM INDIA. 




— 3-dB frequency is only 1.5 
times the data rate— that is, 
three times the clock rate. The 
company says that a frequency 
of five times the clock rate is 
often necessary and is becom- 
ing part of validation protocols 
that new industry standards 
prescribe. With devices under 
development that support data 
rates of 6.4 Gbps per lane, 
scopes with a minimum —3-dB 
bandwidth of 16 GHz on four 
channels are becoming essen- 
tial, and the requirement for 20 
GHz is not far behind. 

The industry also needs 
scopes with advanced DSP 
capabilities. You have to know 
what signals look like where 
you connect the probes— not 
somewhere else— and espe- 
cially not at a point that won't 
even be part of the device 
under test once it leaves your 
lab. Yet, even the best probes 
require the signal to travel 
through some length of wire to 
reach the amplifier input. That 
thp— even if it's only a few milli- 
meters long— introduces distor- 
tion. Fortunately the wire con- 
stitutes a passive, linear net- 
work, whose effects you can 
characterize. A scope with the 
right computational capabili- 
ties can correct for the wire's 
effects through de-embedding. 
These scopes can de-embed 
in real time. 

The 12.5-GHz DP071254 
with memory of 1 0M sam- 
ples/channel costs $88,500. 
The DSA72004 with 20M 
samples/channel— 1 0% of the 
maximum available— costs 
$158,000. At the 50G-sam- 
ple/sec maximum sampling 
rate, a 20M-sample record 
represents 0.4 msec. Prices 
for the P7500 probes begin at 
$1 1,000. 

—by Dan Strassberg 
! Tektronix Inc, www. 
tektronix.com. 
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Lowest Distortion, 16-bit 
Differential ADC Driver 



► Applications 

- 3.3V and 5V high-resolution 
ADC driver 

- Wireless communication 

- Medical imaging 

- Test and measurement 

- Differential DAC output 
amplifier 

► Features 

- Rail-to-rail output 

- Low noise; 2nVA/lHz 

-Very low distortion: 

- HD2 of -115dBc at 100kHz 
(8Vpp, Rl= IkQ) 

- HD3 of -123dBc at 100kHz 
(8Vpp, Rl= IkQ) 

- Independent output 
common-mode control 

- Power down capability: 
15pA quiescent current 

- Pin-compatible family of 
fully differential amplifiers 

-Available in a small 
QFN-16 package 





SupplY 


GBW 


Slew 


Settling Time 


Voltage 


Supply 


Output 


Min. 








Voltage 


Product 


Rate 


0.1% 


Noise 


Current 


Headroom (V) 


Stable 


THD 


Price 


Device 


(V) 


(MHz) 


(V/M^ec) 


(ns) 


(nV/VHz) 


(mA) 


(200n Load) 


Gain (V/V) 


(dBc)* 


(Ik)** 


THS4520 


5 


1200 


570 


7.0 


2.0 


14.2 


0.3 


1 


-92 


$2.25 


THS4508 


5 


3000 


6400 


2.0 


2.3 


39.2 


1.2 


2 


-101 


$3.95 


THS4509 


5 


3000 


6600 


10 


1.9 


37.7 


1.1 


2 


-103 


$3.75 


THS4511 


5 


2000 


4900 


3.3 


2.0 


39.2 


1.2 


1 


-106 


$3.45 


THS4513 


5 


2800 


5100 


16 


2.2 


41.9 


1.1 


1 


-105 


$3.25 



*f=WMHz.2Vpp,200Q load 

*' Suggested resale price in U.S. dollars in quantities of Ik 

For Samples, Evaluation 
Modules andTechnical 
Information 

www.ti.com/ths4520 ° 800.477.8924, ext. 13512 



2 -100 



= -105 



E 
< 




-115 



Frequency (kHz) 



The THS4520 from Texas Instruments is a wideband, fully-differential op amp with 
rail-to-rail output. The independent output common-mode control makes it 
well-suited for dc-coupled, high accuracy data acquisition systems. With its low 
distortion, the THS4520 is ideal to drive Tl's industry-leading, 16-bit SAR data 
converters. 




Tech nologyforinn ovato rs™ ^ Texas Instruments 



Technology for Innovators and the red/hlack hanner are trademarks of Texas Instruments. 1 627 AO 



© 2006 Tl 



Ise 



Characterization tool aids SSTA-library creation 



To account for process 
variation while el<ing out 
the best mix of perform- 
ance, power, and yield from 
new digital-IC-design pro- 
cesses, the IC-design indus- 
try is now moving from STA 
(static-timing-analysis) tools 
to SSTA (statistical-STA) 
tools. After years of research- 
ing SSTA, companies such 
as IBM, Cadence, Synopsys, 
Extreme DA, and Magma 
Design Automation (www.ibm. 
com, www.cadence.com, www. 
synopsys.com, www.extreme- 
da.com, www.magma-da.com) 
now offer SSTA tools commer- 
cially But to make those tools 
work properly requires new 
timing libraries that account 
for process variability, not just 
worst-case-timing estimates. 
Toward that end, EDA start- 
up Altos Design has released 
a library-characterization tool 
to help foundries, IDMs (inte- 
grated-device manufacturers), 
library vendors, and fabless-IC 
vendors create their own SSTA 
libraries for several commer- 
cial-SSTA tools. 
Altos Design introduced its 



first commercial offering in 
July 2006. That tool. Liberate, 
is for characterizing I/O and 
standard cells for static-timing 
libraries and claims runtime 
improvements over current 
commercial offerings. Now, the 
company is introducing Variety, 
a variation-aware SSTA-library- 
characterization/modeling tool 
that generates libraries for vari- 
ous commercial offerings. 

The vendors offering SSTA 
tools also offer characteriza- 
tion tools, but each generates 
libraries only for its proprietary 
format. For example, Synopsys' 
PrimeTime XT SSTA tool uses 
a new version of Synopsys' 
CCS (Composite Current 
Source) format, and Cadence's 
statistical tool uses Cadence's 
statistical S-ECSM (sensitiv- 
ity-based effective-current- 
source-model) format. Similarly, 
IBM, Magma, and Extreme DA 
have their own formats. 

Jim McCanny Altos' chief 
executive officer, says that 
Variety, as its name implies, will 
generate libraries for many of 
those vendors' formats and will 
do so faster than each ven- 



f'lxiSTING 
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PROCESS- 
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Altos' Variety supports multiple SSTA tools. 



S Systematic 
variation is 
reiativeiy easy 
to clnaracter- 
ize, winereas 
random varia- 
tion tends to be 
more compiex. 

dor's characterization technol- 
ogy "With Variety users will be 
able to generate libraries that 
account for both systematic 
and random variation," says 
McCanny. "Other tools take a 
black-box approach. We don't 
do that. We try to understand 
the circuit. We understand 
the functions, what vectors 
are required to sensitize, what 
paths there are; we do a tran- 
sistor-level preanalysis of the 
circuit." 

Whereas models for STA 
tools capture worst-case cell 
performance. Variety SSTA 
models characterize each tran- 
sistor in a cell and account for 
both systematic and random 
variation. The tool generates 
SSTA models with nominal tim- 
ing information plus additional 
data representing the impact 
of any number of parameter 
variations. McCanny notes that 
systematic variation is relatively 
easy to characterize, whereas 
random variation tends to be 
more complex. He says that a 
typical systematic variation is a 
shorter gate or trace length. "If, 
for example, a length shrinks 
by 5%, we can characterize 
it and calculate the sensitivity 
of the delay to that change of 
length," says McCanny When 
users add a systematic varia- 
tion to the characterization, it 
typically adds one times the 
runtime to the tool. 



1 



Characterizing random vari- 
ation is a bit more challenging. 
"With random-variation charac- 
terization, we model the effect 
of a parameter on each unique 
transistor in a cell," he says. "An 
average standard cell has 25 
transistors per cell, so if you did 
this with a black-box method, 
you would end up requiring 
about 25 times more charac- 
terization effort. That's imprac- 
tical, so what we do is to reduce 
that 25 times to somewhere 
around two to three times." 

The tool employs an algo- 
rithm that quickly locates the 
transistors that a user-speci- 
fied random variation will 
affect. "You can model any 
Spice parameter you have in 
your model: low- or even high- 
level parameters you created 
from a combination of physical 
parameters," says McCanny. 
Users can add any number of 
variations to the characteriza- 
tion runs. He notes, however, 
that, each time users add a ran- 
dom-variation parameter to the 
tool, it increases the runtime by 
a factor of three. 

Renesas (www.renesas.com) 
has benchmarked the tool's 
modeling length, width, and 
thermal oxide as systematic 
variations and has bench- 
marked threshold voltage as 
a random parameter. The tool 
characterized 387 cells in six 
hours on an eight-CPU sys- 
tem. It characterized nine sys- 
tematic variations and one ran- 
dom variation in 27 hours on a 
1 6-CPU system. 

Variety creates libraries in its 
own .Ibd database format and 
then translates the file into 
ECSM, CCS, or Extreme DA's 
internal format, with other for- 
mats to follow. That translation 
allows users to use the same 
(continued on pg 28) 
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Versatile Industrial Output Driver 

Voltage or Current Output 




The new XTR300 from Texas Instruments is a complete output driver for industrial PLC 
and process control applications. Its digital l/V select pin allows the output to be 
configured as current or voltage. The device features error flags and monitor pins to 
provide a high level of diagnostic system checks, and make remote configuration and 
troubleshooting possible. 



XTRlll 




The new XTR111 is an output driver for 0-20mA or 4-20mA from a 
standard voltage input. It can also be connected for voltage output. 
It operates from 24V (up to 40V) and provides an adjustable 
voltage regulator output, output disable and a load error flag. 
Price is $1.45 in Ik. 



E 



] 



Burr-Brown Products 
from Texas Instruments 



► Applications 

- PLC output programmable 
driver 

- Industrial cross-connectors 

- Industrial high-voltage I/O 

- 3-wire-sensor current or 
voltage output 

- +10V 2- and 4-wlre 
voltage output 

► Features 

- User-selectable: voltage or 
current output 

- Supply voltage: up to ±20V 

-Vqut: ±10V (up to ±17.5V at 
±20V supply) 

- Iquj: ±20mA 
(linear up to ±24mA) 

- Short- or open-circuit fault 
indicator pin 

- No external current shunt 
required 

- Over-current protection 

- Separate driver and receiver 
channels 

- Package: QFN-20, 
TSSOP-20 coming soon 

- Price: $2.45 in 1k units 



Industrial Solutions Guide 

Datasheets, Samples and 
Evaluation Modules 



www.ti.com/xtr300 o 800.477.8924, ext. 3681 
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(continued from pg 26) 

library with any of tliese ven- 
dors' tools. McCanny notes 
that it will be especially use- 
ful for design groups who use 
one vendor's SSTA tool for 
design and then use another 
vendor's SSTA tool for sign- 
off. Characterizing libraries in 
Variety allows both tools to 
work from the same library. 



This neutrality has led Altos 
to offer Variety to the Si2 
(Silicon Integration Initiative, 
www.si2.org) to help the organi- 
zation's OMC (Open Modeling 
Coalition) derive an industry- 
standard reference flow for 
library characterization, model- 
ing, and model usage. The Si2 
will install Variety into CMC's 
reference flow as the charac- 



terization subsystem for statis- 
tical characterization of library 
data. As part of the reference 
flow. Altos will help the OMC 
define standards for library- 
flow interfaces for communi- 
cating statistical information 
between elements in the flow. 

Variety's entry price is 
$95,000, and prices for a typi- 
cal system start at approxi- 



Laptop power efficiency increases 
in dribs and drabs 



Pity the poor laptop de- 
signer: Because lap- 
tops—or, by extension, 
any piece of portable equip- 
ment that uses a power-hun- 
gry Intel-type processor— must 
operate seamlessly from either 
an ac power adapter or a bat- 
tery, the system-power circuit- 
ry must support a load that can 
vary from slightly less than 9V 
to slightly less than 1 7V. When 
you plug the laptop into ac 
power and the system is suck- 
ing juice from the adapter, dc 
voltage can range to a typical 
high of 1 6.8V But when the 
laptop is running off battery 
power, dc voltage can be as 
low as 8.7V. Because the sys- 
tem must support such a wide 
voltage range, the power loss- 
es are heavy: Switching losses 
increase at higher voltages. 
Plus, the dc/dc-switching fre- 
quency and, thus, efficiency are 
lower at higher voltages. 

Intel officials realize that, if 
system architects seek to in- 
crease system speed and ca- 
pability simply by following the 
current system-design meth- 
odology of cranking up clock 
speeds, laptop operating tem- 
peratures will shortly approach 
the surface temperature of 
the sun with a corresponding 
battery life in the milliseconds. 
So, the chip giant over the 
years has introduced a num- 



ber of guidelines for improving 
power efficiency through sys- 
tem architecture. Enter Intel's 
NVDC (Narrow Voltage DC) 
initiative, which seeks to low- 
er power losses by shrinking 
the system-load range. The 
strategy calls for replacing the 
battery-charger circuit with a 
system-level charger-voltage 
regulator, dropping the load 
the adapter sees to 1 2.6V 
from the current 1 6.8V. 

Majid Kafi, director of Inter- 
sil's Notebook Power products 
group, sees it this way: "This 
[approach] supports the battery 
[voltage] as powering the sys- 
tem bus, and it requires a much 
smaller voltage range than tra- 
ditional power schemes in the 
notebook." The total impact is 2 
to 3% better efficiency These 
numbers are not eye-popping, 
but squeezing out more sys- 
tem-power efficiency occurs 
in dhbs and drabs. For laptops 
with the highest power densi- 
ty batteries, this increase can 



result in as much as 30 extra 
minutes of runtime. 

Are laptop manufacturers 
jumping all over NVDC? Not 
yet: Kafi says that one major 
OEM has switched to it, but the 
vendor has made the commit- 
ment of basing all its new note- 
book lines on it, and Kafi sees 
this indicator as an industry 
trend. Intersil is hoping that's 
the case: It has just introduced 
the ISL6257 NVDC battery- 
charger controller, which Kafi 
believes is the first NVDC con- 
troller to reach the market. As 
laptop manufacturers see that 
there is no silver bullet— no new 
battery technology that will ap- 
pear in the near future— pick- 
ing up power efficiency in dribs 
and drabs will have to suffice. 
(That's right: Don't hold your 
breath for cost-effective, en- 
ergy-dense nanotechnology or 
micro fuel cells.) 

—by Margery Conner 

Intel, www.intel.com. 

Intersil, www.intersil.com. 



a FEEDBACK LOOP 
"I relish my vacations in New 
England and the Adirondacks, 
where Internet connectivity is often 
nonexistent or measured in HBS 
(hundreds of bits per second)." 

— D Wiesen, in EDMs Feedback Loop, at www/.edn. com/article/ 
CA6406715. Add your comments. 



mately $250,000 for a one- 
year subscription. The tool cur- 
rently supports Cadence's and 
Extreme DA's SSTA tools, and 
Synopsys' tools will soon fol- 
low. The company hopes to 
later add support for Magma's 
and IBM's SSTA tools. 

—by Michael Santarini 
I Altos Design Automation, 
www.altos-da.com. 



USB MODULE 
REPLACES 
LEGACY RS-232 
CONNECTORS 

Do you need to add USB 
support to a product that 
includes a serial port and a 
DB-9 or DB-25 connector? 
Well, you could redesign 
the pc board and add a 
USB chip and connec- 
tor, or you could simply 
replace the DB connector 
with Timewave's RS- 
232-To-USB Conversion 
Module. The module fits 
directly into the DB-con- 
nector footprint, inter- 
faces with the serial-port 
signals, and externally 
presents a USB interface. 
The design is USB 2.0- 
compliant, although it 
supports only 12-Mbps 
full-speed operation. 
Timewave supplies Linux 
and Windows drivers. 
Available now, the mod- 
ules cost $79.95 each. 

-by Maury Wright 
Timewave, www.time 



A USB module that fits into 
the footprint of a DB-9 or 
DB-25 connection provides a 
quick retrofit for products that 
need USB connectivity. 
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Industry defined. Analog Devices designed. 
In energy metering, analog is everywhere. 




ICs for energy metering designs 




ADE71XX and ADE75xx families: 

Energy metering core, MCU, flash 
memory, LCD driver, RTC, and intelligent 
battery management 

ADF7021: Narrow-band transceivers 
extend range, resist interference 

ADIVI2483: Isolated RS-485 
transceiver supports 500 kbps data 
rate and 256 nodes on bus 

Blacl(fin® Processor: Maximizes 
performance and efficiency in 
control processing and signal 
processing applications 

ADE7758: 3-phase energy 
measurement IC performs active, 
reactive, and apparent measurement 
rms calculations 




Smarter on-chip integration offers superior 
performance and value 

The ideal energy measurement ICs for LCD display 
meters are here. Our ADE71xx and ADE75xx families 
represent a technology innovation that offers meter 
manufacturers and power utilities: 

• Intelligent battery control 

• LCD contrast control with low dc offset 

• Improved meter reliability 

• Ultralow battery mode power consumption 

• Lower BOM cost with greater design simplicity 

Analog Devices smartly integrates leading analog and mixed-signal 
ICs with application-optimized functionality for unequalled design 
features. We offer a broad portfolio of energy metering solutions, 
with an integration road map for continued reliability, size, cost, 
and power improvements. 

With signal processing ICs inside 175 million meters. Analog Devices 
is the industry's most trusted IC supplier. To learn more about our 
energy metering ICs, visit our website. 



analog is everywhere: 



www.analog.com/energy 
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IC-tool flow supports new power standard 



Cadence Design Sys- 
tems is moving full 
steam ahead with its 
controversial CPF (Common 
Power Forward) power-analy- 
sis format with or without in- 
dustrywide acceptance. The 
company recently announced 
that just about its entire IC- 
design flow includes new low- 
power-design technology that 
it built with the format. The 
company last year announced 
its PFI (Power Forward Initia- 
tive) and its intention of work- 
ing on CPF efforts, but it did 
not invite any other EDA play- 
ers to help define the format. 
The lack of openness caused 
competitors Mentor (www.men 
torcom), Synopsys (www.syn 
opsys.com), Magma (www. 
magma-da.com), and a few 
other EDA companies and 
customers to form an alterna- 
tive effort, the UPF (United 
Power Format), a seemingly 
more open effort under stan- 
dards body Accellera (www. 
accellera.org). Cadence caved 
in to the pressure and last sum- 
mer allowed a half-dozen or so 
smaller EDA companies offer- 
ing power-related technolo- 
gies to join the effort— but still 
not define it— as "advisors." It 
also sped up the timetable on 
donating CPF to a standards 
body Si2's (www.si2.org) newly 
formed LPC (Low Power Coali- 
tion), and getting LPC- and PFI- 
member companies to approve 
the first specification of CPF. 

Cadence has maintained all 
along that it developed the for- 
mat in an arguably "closed" fash- 
ion so that it could avoid all the 
bureaucratic slowdowns asso- 
ciated with standards develop- 
ment Critics have argued that 
Cadence was moving ahead 
with its own standard when the 
industry had viable working al- 



ternatives simply to introduce 
a front-to-back low-power flow 
before anyone else did. It turns 
out that both Cadence and its 
critics are correct: Cadence in- 
deed went from raw specifica- 
tion to what the company claims 
is a workable format in less than 
a year, and it now has tools. 

"You don't design chips with 
formats; you need an EDA sys- 
tem to do it," says Ehc Filseth, 
Cadence's corporate vice pres- 
ident of product marketing. "We 
now not only have a format that 
works, but also the tools that 
use that format to help cus- 
tomers get a handle on low- 
power-design problems." Fil- 
seth notes that the PFI-mem- 
ber companies received the 
tools last quarter and are us- 
ing them in production-design 
projects. This release will likely 
be the turning point that will 
make the industry start to em- 
brace the format, he notes. 

The latest version of Ca- 
dence's Encounter implemen- 
tation-tool lineup. Version 6.2, 
and the latest version of In- 
cisive, Version 6.0, which Ca- 
dence released last month, all 
will include technology to help 
users better create low-power 
designs. Cadence users will be 
able to define power parame- 
ters at the RTL (register-trans- 
fer level) and do what-if analy- 
sis during synthesis to ensure 
that their IC designs will con- 
form to power specifications in 
each power mode of operation. 
Implementation tools will then 
be able to place and route the 
design based on the format. If 
a specification needs adjust- 
ment, its potential impact will 
be traceable at each phase in 
the IC process: RTL, synthesis, 
and physical design. 

"You specify your power 
strategy once at the begin- 



Sin the past 
lots of 
manual work 
was required 
to transfer this 
data around 
and translate 
It and that 
brought with It 
mistakes." 

ning of the design flow, and 
the rest of the EDA system 
follows it and knows what to 
do with the data it gets. It all 
comes off the same data for- 
mat, so you can simulate the 
layout," says Filseth. "It benefits 
productivity because it is more 
automated and integrated. In 
the past, because there hasn't 
been ways of representing all 
this data, lots of manual work 
was required to transfer this 
data around and translate it, 
and that brought with it mis- 
takes." Cadence still has a bit 
of work to do to ensure that 
the entire Cadence flow works 
from the format For example. 
Cadence emulators do not yet 
support CPF, but its digital-de- 
sign, software-verification, and 



implementation tools do. 

Jan Willis, senior vice presi- 
dent of industry alliances at Ca- 
dence, hopes to see the UPF 
members eventually embrace 
the CPF under the Si2. For 
now, however, users employing 
a mix of third-party tools, as 
most do, must manually trans- 
late some of the power infor- 
mation from CPF into the third- 
party tool's power format— if it 
has one— to get a workable 
flow. The other CPF-member 
companies are expected in the 
coming months to announce 
that their technologies also run 
on the CPF format, because 
Cadence this month released 
a parser for CPF. 

Filseth notes that, if anoth- 
er low-power standard does 
eventually prove to be better 
or becomes the de facto stan- 
dard. Cadence will likely sup- 
port it, too. For now, the idea 
is to get a workable product in 
customers' hands. Coming out 
with a tool long before the for- 
mat has industrywide accep- 
tance is Cadence's attempt to 
shhnk the gap— and get a jump 
on the competition. 

—by Michael Santarini 
I Cadence Design Systems, 
www.cadence.com. 



m FEEDBACK LOOP 

"I worked for GE Space System 
Division in Valley Forge, PA. There 
was nothing quite so interesting to 
do for lunch one day a month other 
than to go over to the surplus ware- 
house where employees had first 
crack at all kinds of office furniture 
to electronic and scientific equip- 
ment, before the professional vul- 
tures were let in." 

— Anonynnous, in EDM's Feedback Loop, at www.edn.conn/article/ 
CA6406727. Add your comments. 
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Precision ADCs with size and power at a record low. 
In data conversion, analog is everywhere. 



PulSAB*^ 




AD7g82 

. 1 8-bit, 1 MSPS, ± 1 ppm INL max, 99 dB SNR 

• Low power scaling with throughput: 
7.5 mW @ 1 IVISPS, 75 n,W @ 10 l<SPS 

• Tiny paclages: 1 0-lead IVISOP or LFCSP 

• Serial SPI interface with daisy chain 

• True differential input ± 5 Vpp or ± 2.5 Vpp 

AD7980 

. 16-bit, 1 MSPS, 7.5 mW, ±30 ppm INL max 

• Same pinout as AD7982 

• 5 V or 2.5 V input with ground sense 

Recommended ADC Drivers 

• ADA4841 -X family of Op Amps 

• Low noise and distortion at 1 .1 mA 

• Rail-to-rail outputs and dc precision 



18-bits, 1 MSPS, 7.5 mW, 9 mm': breakthrough 
performance for medical, industrial designs 

In medical, industrial, instrumentation, and sensor equipment, low-power 
consumption and portability are critical to performance optimization. 
That's why our new PulSAR® successive approximation analog-to-digital 
converters represent milestones in precision data conversion technology. 
Compared to competitive offerings, these ADCs use less than 5% of the 
power, and are just 20% the size, while maintaining uncompromised 
performance in other areas such as ac specifications and dc linearity. 
This family of converters is ideal for challenging applications that require 
low heat dissipation, extended battery life, and high channel integration. 

For more information about Analog Devices' PulSAR technology, please visit 
www.analog.com/pulsar-small or call 1-800-AnalogD. 



Part 
Number 


Resolution 
(Bits) 


Sample 
Rate 


Max Integral 
Linearity (LSB/ppm) 


SNR, noise rms 
(dB/ppm of FSR) 


Power @ 
lOOkSPS 


Price 
($U.S.)@1k 


AD7982 


18 


1 MSPS 


±2.5 LSB, ±10 ppm 


99 dB, 4 ppm 


750 n,W 


23.00 


AD7690 


18 


400 kSPS 


±1.5 LSB, ±6 ppm 


102 dB, 2.8 ppm 


4.4 mW 


19.50 


AD7691 


18 


250 kSPS 


±1.5 LSB, ±6 ppm 


102 dB, 2.8 ppm 


4.4 mW 


1450 


AD7980 


16 


1 MSPS 


±2 LSB, ±30 ppm 


91.5 dB, 9.4 ppm 


750 n,W 


19.50 


AD7693 


16 


500 kSPS 


±0.5 LSB, ±8 ppm 


96.5 dB, 5.3 ppm 


3.6 mW 


18.00 


AD7685 


16 


250 kSPS 


±2.5 LSB, ±38 ppm 


93.5 dB, 7.5 ppm 


1.35 mW 


6.50 


AD7942 


14 


250 kSPS 


± 1 LSB, ± 61 ppm 


85 dB, 20 ppm 


1.25 mW 


4.75 
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Mercury's Craig Lund: 
guiding innovation 

Craig Lund is vice president and chief technology 
officer at Mercury Computer Systems (Chelmsford, 
MA, www.mc.com), a leading provider of comput- 
ing systems and software for data-intensive appli- 
cations, such as image processing, signal process- 
ing, and visualization. Lund leads Mercury's Technology Office in 
search of breakthrough innovations and disruptive technologies. 
He holds a bachelor's degree in engineering from the University 
of Connecticut (Storrs). 



As you look to the 2007 and 
2008 time frame, what tech- 
nologies offer the biggest 
opportunities for designers? 

I believe things like the 
changes in the standard 
base, the emergence of multi- 
core processors, and the ad- 
vent of acceleration technolo- 
gies represent potential dis- 
continuities. Every time there 
is a discontinuity, there is an 
accompanying opening for 
new winners and losers. I don't 
mean just for companies. In- 
side a company, new people 
will be recognized as key em- 
ployees because of their ex- 
pertise in the "new thing." I'm 
sure the winners will all be avid 
EDN readers. 

With the proliferation of stan- 
dards from ViTA [VMEbus 
International Trade Associ- 
ation], PICMG [PCi Indus- 
trial Computer Manufactur- 
ers Group], and others, plus 
the competing switch-fabric 
technologies, how does the 
COTS [commercial-off-the- 
shelf] industry prevent frag- 
mentation and interoperabil- 
ity problems? 
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Innovation comes first. 
Experience is second. 
Standardization follows. What 
is happening today within 
VITA and PICMG is that people 
are skipping the middle step, 
jumping from innovation di- 
rectly into standardization. The 
label "industry standard" has 
lost its histohc association with 
the characteristics "mature and 
low hsk." Today standard really 
means "formally documented 
and available for others to ex- 
periment with." 

The Darwinian marketplace 
has not changed, just the vo- 
cabulary Salesmen might tell 
you their offering is "industry- 
standard," but buying a bleed- 
ing-edge standard or tech- 
nology is always a little risky. 
Experience— the passage of 
time— is the only guaranteed 
way to fix that. Mercury has 
an enviable record of picking 
winners, so, if you need to take 
technology risk, you should at 
least put us on the list of folks 
with whom to consult. To an- 
swer you directly, I believe the 
industry will be faced with in- 
teroperability challenges for 
some time still. 




Multicore processors are 
currently pushing the tech- 
nology envelope. What 
resources does it take to 
harness that computing 
power for future embedded 
products? 

^■■j The microprocessor 
suppliers rarely empha- 
size the downside: that a single 
thread of execution is no lon- 
ger getting faster. Instead, they 
emphasize the fact that we are 
getting more and more threads 
each generation. 

How many consumer appli- 
cations can exploit dozens of 
threads? After maybe eight 
threads, I believe that multi- 
core architecture will become 
a niche technology focused at 
transaction-processing serv- 
ers. My bold prediction is that 
everything else will migrate to 
look a lot like a Mercury mul- 
ticomputer on a single chip. 
This [approach] is the only 
way to make a single thread 
of execution go faster: by de- 
ploying specialized computing 
elements tuned for a particu- 
lar task. The first such exam- 
ple was the GPU [graphics- 
processing-unit] chip, a de- 
vice designed to accelerate 
OpenGL and DirectX libraries. 
The second example is the 
Cell Broadband Engine, a de- 
vice designed to make game- 
physics libraries run fast- 
er. TCP/IP [Transfer Control 
Protocol/Internet Protocol] 
Offload Engines are a third ex 
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ample of specialized hardware 
used today to make portions 
of a single thread run faster. 

If I am correct, the low-lev- 
el programming challenge in- 
side these chips will be cho- 
reographing the flow of data 
blocks between the various 
processing-element flavors. 
This [idea] is a self-serving 
view of the future as I'm pre- 
dicting Mercury's skills and 
know-how become more valu- 
able over time. However, if I 
did not believe, I would not be 
working here. 

What are the biggest tech- 
nical challenges or bottle- 
necks that you face in the 
high-performance-embed- 
ded-systems industry? 

You asked specifical- 
ly about "high-perfor- 
mance" systems. Here, in ad- 
dition to the standards and 
multicore issues, we face an- 
other challenge: There are 
fewer microprocessor op- 
tions available each year The 
choices we do enjoy tend to 
consume far more power per 
square inch than most embed- 
ded systems tolerate. More 
abstract, but equally annoy- 
ing, is the fact that peak per- 
formance is rising much faster 
than memory bandwidth, leav- 
ing real-world applications 
memory-bound. There is an 
upside to the memory-band- 
width challenge: Any high- 
performance system that you 
acquire today will likely have a 
longer life span than previous 
acquisitions because there 
will be less pressure to up- 
grade every time a new pro- 
cessor is announced. 

You can also work around 
the memory-bound challenge 
by exploiting processors with 
unusual memory architectures, 
specifically Cell chips, GPU 
chips, and sometimes FPGAs. 

—by Warren Webb 
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BY JOSHUA ISRAELSOHN, CONTRIBUTING TECHNICAL EDITOR 



The Miller's tale 



t is noteworthy that, despite the vast breadth of our industry, its 
myriad appUcations, and its diverse technologies, the fundamental 
building blocks we use in electronic circuits are remarkably consis- 
tent and small in number. This observation, pedestrian perhaps at 
first glance, is eye-opening when you consider that our collective 
interests span a spectrum from dc to daylight, cover dissipations 
from flea power to horsepower, and target environments from human- 
body implants to deep space. 



The expectation that a handful of 
part types should meet such dispa- 
rate requirements is akin to one that 
would have paper clips and staples as 
integral components of trestle bridges: 
Few things scale to such an extent as 
do electronic devices. As a result, fa- 
miliar bipolar and field-effect transis- 
tors, a few related active devices, and a 
whopping three types of passives — re- 
sistive, inductive, and capacitive — ac- 
count for most of our components, no 
matter if we mount them as discretes 
on a pc board or construct them in a 
solid-state fabrication process. 

The diversity of our circuits origi- 
nates not, then, with the number of 
distinct components at our disposal — 
each deriving its behavior from unique 

C„ 




Figure 1 This small-signal bipolar-junction-transistor 
model includes the output load connection for a com 
mon-emitter amplifier configuration. 



physical principles — but rather from 
topological inventiveness. Historically, 
this small number of distinct part types 
has been an advantage: Designers could 
familiarize themselves with the behav- 
ioral nuances native to each type and 
craft elegant circuits that took best ad- 
vantage of their constituent elements. 

As system complexities and func- 
tional densities have grown, howev- 
er, many designers find themselves en- 
gaged in design practices that are, by 
necessity, far removed from those un- 
derlying physical principles and from 
the behavioral nuances of individual 
devices. Yet it is those individual devic- 
es — by bandfuls, hundreds, thousands, 
or millions — and the interactions im- 
posed by the topology they inhab- 
it that determine your 
product's performance. 
As a result, certain de- 
vice-centric themes ap- 
pear in widely varying 
contexts. 

One of these themes 
is the Miller capaci- 
tance — a feedback ele- 
ment implicit to active 
devices as different in 
their operating princi- 



ples as bipolar-junction and field-effect 
transistors. The Miller capacitance 
does not appear explicitly as a parasitic 
in the active device's small-signal mod- 
el; you can calculate it from the model 
and from the electrical conditions that 
the surrounding circuit imposes as the 
effective impedance between the in- 
ternal base node and the collector or 
between the gate and drain. 

Using the bipolar-junction transis- 
tor's small-signal model as an example 
(Figure 1 ), the magnitude of small-sig- 
nal transconductance, g , derives from 
the ratio of the collector current and 
the thermal voltage, kT/q, where k is 
Boltzmann's constant, T is the tem- 
perature in Kelvin, and q is the elec- 
tron charge. The base-collector capac- 
itance, C^,, results from the base-col- 
lector depletion layer and is a nonlin- 
ear function of the voltage across that 
junction. 

Assuming a common-emitter con- 
figuration, Kircboff's current law at 
the output node yields 

(v„-Vi)C s + g^^vi-t^ = 0. 

Because the current through the 
base-collector capacitance contributes 
negligibly to the load current, a good 
approximation of the output is 

Finally, calculating the impedance 
between the internal base node and the 
collector yields the Miller capacitance: 



C^s 



-MILLER - Vi gm^L^^ix- 
Though the depends on the tran- 
sistor's physical attributes and dc bias, 
the small-signal Miller capacitance is 
larger by a factor of one plus the stage's 
gain — g R, — the result of the interac- 
tion between the device and its elec- 
trical surroundings.EDN 

Contributing Technical Editor Joshua 
hraelsohn is director, technical informa- 
tion for International Rectifier. Contact 
him at edn'joshua@sbcglobal.net. 
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BAKER'S BEST 




BY BONNIE BAKER 



Engineers need stories, too! 

Now that another year has wound down, the deluge 
of hotel technical seminars for 2006 is finally over! 
Attendees came from near and far to hear what ven- 
dors had to say about their wares. It's true; I can get a 
lot of this information off the Web. So, why do I go to 
these seminars? Because I want to become excited and 
delighted with new ideas that, in the end, will make my job easier. If the 
presenter tells me a good story about his or her products, techniques. 



and experiences, it may help me to 
look at my problems through differ- 
ent eyes. 

Granted, not all seminar sessions hit 
the mark, and I have seen a variety of 
hotel seminars. Some presenters stand 
proudly and read their slides. (I can 
read, thank you very much!) Some 
whip through their material with a dry, 
just-present-the-data delivery, similar 
to Joe Friday from television's Dragnet: 
"Just the facts. Ma'am." I have seen 
presenters that go so far as to be funny 
and entertaining, as well as knowl- 
edgeable, but they never quite do the 
trick, either With this type of presen- 
tation, I never get answers. I leave with 
the same set of tools and techniques I 
came in with, except now I have a few 
new jokes to tell at work. Argh! 

The type of seminar that I enjoy and 
remember the most is when the pre- 
senter essentially tells me what he will 
talk about, points out why his topic 
is important, comprehensively cov- 
ers the material, and summarizes with 
the original objective. Couching these 
four points in a story line goes a long 
way to pull the presentation together. 
This format may sound uninspired, but 
the icing on the cake is when a speak- 
er injects pertinent stories throughout 
the presentation. This type of organi- 



If the presenter 
tells me a good 
story about his or 
her products, tech- 
niques, and experi- 
ences, it may help 
me to look at my 
problems through 
different eyes. 

zation provides attendees with pack- 
ets of sensory material that the lis- 
tener can quickly and easily internal- 
ize. These presentations are true to 
the engineer's heart, packed with ac- 
tual experiences, and void of market- 
ing hype. 

So again, with all of the material out 
there — articles, Web seminars, pod- 
casts, and so on — why do engineers 
still come to these face-to-face semi- 
nars? I wish you could see my face as I 
tell this story. At one point in my ca- 
reer, I had a manager tell me that we 
didn't need to train our seminar pre- 
senters; he did not want to spend 
money to fly them to the training ses- 
sion. Can you imagine my reaction? I 



looked like a deer in the headlights. I 
was stunned! In response to this mis- 
aligned cost-cutting measure, I calmly 
stated, "You are right. The speaker has 
little influence on the seminar, any- 
way. As a matter of fact, let's just pack- 
age up the books and mail them to 
customers so they can read the materi- 
al at their leisure. Then we can cancel 
the seminar's hotel arrangements and 
the speaker's plane tickets. Doing so 
will save the company a lot of money!" 
Well, luckily, we did have training 
that year for the seminar presenters. 
And you should have heard the stories 
the presenters told on the road! 

Many times, engineers attend these 
hotel seminars to get the inside scoop. 
In fact, I know engineers who trav- 
el across the country to see and hear 
the voice of the presenters that work 
at their corporate home base. These 
technical presentations usually have 
an abundance of undocumented tips 
and tricks. As you may know, in the 
business world, location is everything. 
But, in the seminar world, presence 
has much more value. 

So, before you step in front of an au- 
dience, whether it is in a hotel confer- 
ence room or in one of your company 
meeting rooms, know your story be- 
fore you walk into the room. Have in 
mind the beginning, middle, and end, 
as well as anticipated questions. This 
strategy gives you a credible start when 
you set out to portray confidence to 
the masses. 

So ... what is your story ?EDN 



Bonnie Baker is a senior applications 
engmeer at Texas Instruments and au' 
thor of A Baker's Dozen: Real Analog 
Solutions for Digital Designers. You 
can reach her at bonnie@ti.com. 
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TALES FROM THE CUBE 



BY LYNN SMITH 



In the days of old, 

when engineers were bold 




n the 1970s, around the time that MOS Technology intro- 
duced the 8-bit 6502 processor, 1 took a job as chief engi- 
neer at a company that developed, manufactured, and sup- 
plied military and industrial security-monitoring systems. 
Job 1 was an intermittent problem in the current model 
that caused the watchdog timer to reset the system. The 
default condition for a system reset was to secure all doors and 
sensors throughout the monitored areas to condition "red." 

Then, when a normally "green" door 
opened, alarms sounded. This prob- 
lem was a particularly disturbing one 
because this equipment was monitoring 
sensitive areas, such as nuclear-stor- 
age facilities in which the false alarms 
could cause response teams to react. 

The 6502-based equipment had the 
usual ROM, RAM, I/O, and a built-in 
small Seiko line printer (Reference 
1). In those days, we tried to make 
one little processor do everything; why 
not? Popular theory at the time was 
"it is a hardware problem," and there 
was good reason to believe it. First, the 
design was poor and had mixed-logic 
families on a poorly laid out bus. It also 



had some ground bounce, because these 
were the days before multilayer boards 
were common. Worst of all, we were 
just learning about the "dirty dozen," 
12 illegal instructions for the 6502 that, 
if executed, would cause the processor 
to halt. We used to call it "halt and 
catch fire"; some of these instructions 
required a power-down and backup 
to clear. After three months of many 
ECOs (engineering-change orders) to 
correct all the hardware deficiencies, 
the problem had not changed at all in 
nature. Now, with solid hardware, we 
were really scratching our heads. 

There was one thing about the 
design that rubbed me the wrong way 



right from the beginning: the fact that 
the little Seiko line printer was tied to 
the NMI (nonmaskable interrupt). The 
6502 controlled the printer, and the 
NMI monitored the synchronous pulse 
from the printer. Now that hardware 
was looking good, there was some fin- 
ger-pointing over whether the problem 
now was hardware or software. After 
many hours in the lab and reports from 
customers, we narrowed the behavior 
for the intermittent failure as occurring 
only after the printer was winding down 
from printing. 

After yet another long day in the 
lab, the NMI was still bothering me, 
especially now that I knew that the 
printer was involved. I began thinking 
about the 6820 PIA (peripheral-inter- 
face adapter) and the initialization 
sequence; then, it hit me. It was so 
simple: The 6820 PIA takes two instruc- 
tions executed in sequence to initialize 
it. You cannot interrupt the instruc- 
tions. I drove back to the office, and the 
software guys were still there. I checked, 
and, sure enough, when the printer was 
done printing, they went out and reini- 
tialized the PIA just for grins! 

For me, it was so obvious and "case 
closed." The short story is that I had 
them take out two lines of code, and 
we never saw the "hardware" problem 
again. The long story is that manage- 
ment and software people spent many 
more days testing because they just 
could not believe it. After much more 
testing, the senior programmer and I 
flew to one of our main problem loca- 
tions and installed two new ROMs; no 
further problems occurred.EDN 

REFERENCE 

9 http://en.wikipedia.org/wiki/MOS_ 
Teclinology_6502. 

Lynn Smith was a consultant and 
hardware engineer in Silicon Valley 
for 30 years before recently pulling 
up stakes in San Jose, CA, to move 
to Alabama, where he is building an 
airpark, hike Lynn, you can share 
your Tales from the Cube and receive 
$200. Contact Maury Wright at 
mgwright@edn.com. 
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See inside a cereal surprise 



pF] Visit www.edn.com/07021 Spry for a 
more in-depth description and addi- 
tional photos of our deconstruction 
of the Spaceship Blaster — as weil as 
three other cereai-box toys. 



icrosoft continues to deny rumors of a handheld Xbox game 
console, but the company did recently promote its Xbox brand 
by including a series of Mini Games in boxes of Kellogg's cere- 
als. How did the designers deliver a compelling user experience 
when their end product had to be inexpensive enough to give away in a 
box of Froot Loops or Frosted Flakes? 
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The power switch and front-panel knob connect 
to the single-layer pc board through proximity- 
improvised contacts, preserved by six tiny screws. 
The membrane switch tethers to the board using 
a more conventional wire-and-solder approach. 



The on/off switch is crude but effec- 
tive, as are the dual contacts on either 
side of the control knob, which sense 
clockwise and counterclockwise 
twists. A tension wire returns the knob 
to its neutral position after release. 



A membrane switch 
communicates that 
the user has acti- 
vated a button on the 
back of the game. 



Two spring-loaded 
contacts press 
against and electri- 
cally stimulate the 
low-fidelity speaker. 




Aside from a 
few passive 
components, 
an encapsu- 
lated controller 
IC dominates 
the pc board. 



Although the designers 
expect users to discard 
the Spaceship Blaster 
game once its battery gets 
depleted, intrepid tinker- 
ers can replace the power 
source if they can get past 
the non standard screws 
holding the case together. 




Display-driver contacts lining the bottom 
edge of the board mate to the low-reso- 
lution monochrome LCD, beneath the 
reflective backing cover shown, using a 
"zebra strip"-an elastomer that embeds 
alternating bands of conductive and 
insulating material. 
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SMS11 Quad Sequencer/Reset 





ISL612X 


MAX687X 


EEPROM Programming? 


Y 


N 


N 


Y 


#of EN Outputs 


4 


4 


4 


5 


# of Voltage Monitors 


4 


4 


4 


4 


Voltage Monitor Threshold 


Prog 


Resistors 


Resistors 


Prog 


Sequencing Order/Delay 


Prog 


Capacitor 


Capacitor 


Prog 


Reset Timeout 


Prog 


Capacitor 


Capacitor 


Prog 


# External components 





13 


17 


5 


Typ. Oper. Current (uA) 


200 


1500 


140 


1800 


Package Type 


CSP-8 


SSOP-16 


QFN-24 


QFN-36 


Package Size (mm) 


1.4x2.5 


6x5 


4x4 


6x6 


Price $ (1K est.) 


$ 2.00 


$ 2.65 


$ 2.87 


$ 6.39 
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sequencer! 




• * I » 



Competitor's 
QFN 



I I I I I 



0) 
Ui 

re 
-*-t 

c 

re 
> 

■D 
< 



E 
E 

3 



SMR101 Dual Reset 





ISL8801X 


MAX644X 


EEPROM Programming? 


Y 


N 


N 


N 


# of Reset Outputs 


2 


1 


1 


2 


Reset Timeout 


Prog 


Capacitor 


Capacitor 


Fixed 


# of Voltage Monitors 


1 





1 


1 or 2 


Voltage Monitor Threshold 


Prog 


N/A 


Fixed 


Fixed/Resistor 


Long Duration Manual Reset? 


Prog 


N 


N 


Fixed 


Long Duration Input Range (s) 


0.125-40 


N/A 


N/A 


6.72 


# External components 





3 


5 


3 


Package Type 


CSP-6 


DFN-8 


SOT-23 


SOT-23 


Package Size (mm) 


1.2x1.8 


3x2 


3x3 


3x3 


Price $ (1K est.) 


$ 0.90 


$ 1.75 


$ 0.99 


$ 1.25 



^ctuai Size > reset IC! 
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Competitor's 
SOT-23 



TT 



1.8mm 3.0mm 



Applications 

• 3G / Smartphones 

• Portable Media Playe 

• GPS 

• Digital TV's 

• Set-Top Boxes 

•Routers / Switches / IVIodems 
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CSP packages and zero external 
components cut footprint 60%-90%! 

For more information see: 
www.summitmicro.com 
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At Tyco Electronics, 
we have more ways to 
bring you up to speed. 

Getting the high speed performance you need Is one thing. Achieving 
it at the cost you had in mind is quite another. That's why, at Tyco 
Electronics, we offer more options when It comes to interconnect solutions. 
Our depth of products allows us to not only meet your precise cost and 
performance requirements of today, but also help you migrate towards 
your designs of tomorrow. We even offer extensive simulation and modeling 
tools that help ensure you get the performance to meet your needs. And 
with so many options, there's definitely one thing we don't offer: a bias. 
For more information visit www.tycoelectronics.com/productinfo and 
request our high-speed connector catalog. 



North America 800-522-6752 • Europe +49 6251 1330 
• Asia -1-81-44-844-8292 • www.tycoelectronics.com 
MULTIGIG RT, Z-PACK and TYCO are trademarks 



Our MultiGig RT connector is specified 
per standards set by VITA-41 and 
VITA-46. 

The Z-PACK HIVI-Zd connector is 
specified by PICIVIG® consortium as 
Advanced TCA® standard for Zone 2 
Advanced Differential Fabric connector. 

Our Z-PACK IVIAX high performance 
bacl< plane connector systems are 
designed for cost pressured, high 
density applications. 
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Frederik Dostal, Applications Engineer 



To reduce time-to-market and component count, power 
management ICs with integrated power transistors such 
as National's new SIMPLE SWITCHER® regulators 
(LM5576, LM25576, and others) are often preferred 
over controllers with external FETs. However, with the 
power transistor on-board, it's important to do careful 
thermal analysis of the power IC to make sure the 
silicon temperature does not exceed the maximum 
allowable junction temperature. Integrated circuits are 
rated up to a maximum 'die' temperature. Operation at 
higher temperatures will put the IC out of specification 
and possibly destroy it. 

There are three main ways of thermally analyzing a given 
design. The following article explains the different 
approaches, and discusses the precision of each 
approach. 

The Analytical Approach 

The analytical approach is a good way to get a rough 
estimate of the die temperature of a given switching 
regulator. One approach is to calculate the losses the 
switching regulator IC generates. For step down 
regulators the following formulas can be used. 

There are bias losses which are mainly the ground pin 
current times the input voltage: 

Pbias = Iq • V|M 

The power conduction losses are the losses of the built in 
transistors while fully turned on and a rough estimation is: 

Pcond=duty cycle • Rdson • louT^ 
The switching losses are the losses that occur during the 
transition times of the internal transistor before and 
after the on time and can be estimated by: 

Pswitch = (lDUT'V|N)/2'F'(tLH+tHL) 

Where F is the switching frequency and tLH and tni are 
the transition times from low to high or high to low. 

All the individual losses are sometimes difficult to calculate 
due to incomplete information regarding parameters such as 
the exact rise time, exact Rdson during the on time and other 
parasitics which are not easily characterized. Sometimes it 
is easier to take the over all efficiency of a given power 
converter board and to subtract the losses of the external 
components such as the external schottky diode, the 
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Figure 1. Typical Efficiency at 5V Vqut vs Iqut ^niJ 

inductor, current flowing through the external resistive 
divider, and possibly the capacitors depending on the ESR. 

Once we know the losses of the switching regulator IC, 
the thermal analysis can be started. The individual 
datasheets give the thermal resistance from the junction 
of the IC to case (or PCB), which is referred to as 6jc- 
The units are degrees centigrade per Watt, and knowing 
the ambient temperature as well as the dissipated power 
on the die gives the temperature of the die. The 
resistance value Qjq has a lot to do with the package the 
silicon is housed in but it also includes the size of the 
die, the die attach material, and bond wire type and 
number. This is the reason why there is not one 6jc per 
package type, and why the junction to resistance has to 
be thermally measured with each individual newly 
released IC product. 

The junction to ambient thermal resistance, 9ja, depends 
greatly on the design of the printed circuit board around 
the IC. Generally, datasheets give information about the 
PCB and layout situation in which the given thermal 
resistance is valid. 
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The precision of the analytical approach 
depends greatly on the complexity of the 
formulas as well as on the precision of data 
of components available to the designer. In 
many cases, it is more precise to use a prac- 
tical approach with measurements in the lab 
rather than mathematical models which lack 
accuracy due to many unknowns. 

The Simulation Approach 

To simplify thermal predictions, National's 
WEBENCH® online simulation tool 
includes a module called WebTHERM® 
which offers thermal modeling of many 
switching regulator ICs, including 
National's new LM557x and LM2557x 
SIMPLE SWITCHER regulators. The 
thermal simulation results are given in a 
colorful thermal graph where hotspots can 
easily be detected and the temperature of 
each point on the board can be found. Heat 
sinks can be added to improve thermal 
dissipation. Also, airflow can be adjusted 
using fans from different directions. 
Figure 2 shows a screenshot of a thermal 
simulation result with WebTHERM. This 
approach is very simple and gives a good 
idea of how heat dissipates across a board. 
It also helps to understand where hotspots 
exist in individual designs. 




Figure 2. Tliermal Simulation witli WebTHERIVI 



The Hands-On Approach 

The most accurate approach in finding the 
true IC temperature in a design is to build 
the design with all the final components 
which will be on the board, but physically 



set up on a board with enough distance 
from component to component so that the 
heat dissipations of individual components 
do not influence the temperature of other 
components on the board. A clever way of 
achieving the same result without changing 
the layout is to mount components in the air 
on short wires. The board can then be set to 
run steady state and the temperature of the 
external components can be measured with 
an infrared thermometer. 

In the next step, we try to heat up the external 
components to the exact same temperature by 
driving them individually. For example, we 
would drive the inductor with a DC current 
so that in steady state we would get the 
same infrared temperature measurement. 
The dissipated power needed to warm the 
device up to the same level as with the 
complete power design running can easily be 
calculated by multiplying the DC current by 
the DC voltage drop across the inductor. 

Once this exercise is done for the external 
components, but mostly the external diode 
and the inductor, we can correctly measure 
the efficiency of the complete power design, 
subtract the losses of the individual external 
components from our measurements, and 
get to the power losses of the switching 
regulator IC. 

This power loss can again be translated into 
die temperature using the 8jc thermal 
resistances as given in the datasheet. 

The Choice is Yours 

There are many different methods for 
performing thermal analysis. Depending 
on the precision needed as well as the time 
and effort one is willing to put into it, there 
are different options as described above. 
If your design requires the switching 
regulator to work with a junction tempera- 
ture up to 150°C rather than the typical 
125°C maximum junction temperature, 
there are SIMPLE SWITCHER regulators 
that can help, such as National's 
LM2590HV-AQ. ■ 

For Additional Design Information 
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IMPROVEMENTS IN PROCESSING POWER AND SOFTWARE AVAILABILITY ALONG WITH THE RISE 
IN DIGITAL CAMERAS ARE MAKING THE USE OF MACHINE-VISION SYSTEMS FOR INDUSTRIAL CONTROL 
AN INCREASINGLY ATTRACTIVE APPROACH. THESE TRENDS ARE SIMPUFYING SYSTEM CREATION, BUT 
GETTING THE SYSTEM TO FUNCTION AS INTENDED STILL REQUIRES CAREFUL ATTENTION TO DETAILS. 



BY RICHARD A QUINNELL • CONTRIBUTING TECHNICAL EDITOR 



n humans, sight is one of the most important senses. Vision 
allows us to identify objects, examine them without touch- 
ing them, determine spatial dimensions and relationships, and 
navigate safely through our world. The same benefits accrue 
to the machines equipped with vision systems, when the cam- 
era and processing are configured to match the application's 
needs. 

Numerous applications currently employ machine-vision sys- 
tems, many of them in factory automation. Vision-equipped 
machines inspect products for flaws, identify and sort objects, mea- 
sure dimensions, and align and position materials for automated as- 
sembly. Nonfactory applications include vision-based navigation 



for autonomous vehicles and safety sys- 
tems for automobiles. As diverse as 
these applications are, however, they 
share three common elements: a cam- 
era, a processor, and image-manipula- 
tion software. 

Not surprisingly, the camera is a key 
element in establishing a machine-vi- 
sion system's capabilities. The camera 



sets the level of detail, or resolution, 
that the system can distinguish. It also 
sets an upper limit on the system's frame 
rate, or the speed at which the system 
can generate images, and the shutter 
speed or image-capture time. Frame rate 
dictates how quickly the control system 
can obtain updates, and shutter speed 
affects how quickly objects can be mov- 



ing through the field of view. In manu- 
facturing systems, these factors control 
the manufacturing throughput that the 
system can handle. 

Both analog and digital cameras are 
available for machine-vision systems. 
Many high-end analog cameras, how- 
ever, are designed to form television im- 
ages and so offer few options for either 
frame rate or resolution. The advent of 
Internet video has made available some 
low-cost analog cameras with other res- 
olutions, typically VGA or fractions 
thereof. Such cameras may be suitable 
for applications that are highly cost- 
sensitive, but they offer limited perfor- 
mance. All analog cameras require the 
use of a separate digitizer — usually part 
of the frame-grabber hardware — to cap- 
ture the image for processing. 

Digital cameras, by their very nature, 
do not need external digitizers and have 
the additional advantage of being free 
from the resolution and frame rate of 
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video standards. The explosion of digi- 
tal cameras in consumer applications, 
from photography to cell phones, has 
stimulated significant advances in the 
technology during the last decade. Digi- 
tal cameras are now available in a range 
of resolutions with an equally broad se- 
lection of achievable frame rates, at ev- 
er-decreasing cost. Most machine-vi- 
sion-control systems use digital cameras 
as their "eyes." 

SELECTING A CAMERA 

There are a variety of trade-offs to con- 
sider in selecting a digital camera. One 
of the most significant is resolution ver- 



AT A GLANCE 

□ Machine vision simplifies system 
control based on size, shape, color, 
and position of objects. 

EI Digital cameras offer trade-offs 
between resolution and frame rate. 

El Processor options include CPUs, 
DSPs, and dedicated hardware 
at the component level, with many 
board-level systems available. 

□ A new generation of high-per- 
formance image processors is target- 
ing automotive applications, such as 
hazard-detection systems and cam- 
era systems that monitor drivers. 



sus frame rate. In general, the higher the 
camera's resolution, the lower the frame 
rate it can achieve. This trade-off stems 
from the way in which the image sensor 
of the digital camera operates. 

The core of a digital camera is a CCD 
(charge-coupled device) that is the image 
sensor. As Figure 1 illustrates, the CCD's 
basic configuration is a rectangular array 
of light-sensitive cells (picture elements, 
or pixels) that connect to transport cells, 
forming a row-and-column array. Light 
falling onto the array generates charges 
in the pixel. Command signals trans- 
fer the charges from the pixels to the 
transport array, where they move buck- 



LIGHTING FOR MACHINE VISION 



The ability of a vision sys- 
tem to gatlier accurate 
image information depends 
entirely on the light that 
enters the camera's lens. 
Inadequate or inappropriate 
lighting can compromise the 
system's ability to distin- 
guish the details it needs for 
successful inspection, rec- 
ognition, or measurement 
of the object being viewed. 
Although image-processing 
software can compensate 
somewhat for such factors 
as underexposure and over- 
exposure, glare, reflections, 
and shadows can wreak 
havoc with many vision ap- 
plications. And, if color is an 
important factor, the right 
lighting is essential for the 
accurate detection of color 
differences. 

Whether you are using 
monochrome or color im- 
ages, one important lighting 
parameter to consider is the 
stability of the illumination 
levels. These levels affect the 
brightness and contrast of 
the image and contribute to 
high signal-to-noise levels in 
the image. Often, ensuring il- 
lumination stability requires 
control over the environ- 
ment. For example, some flu- 
orescent lights change inten- 
sity 5 to 10% when the am- 
bient temperature shifts as 



little as 10%. Design of a ma- 
chine-vision system should 
seek to control illumination 
levels if possible and adapt 
to changes when control is 
not an option. 

Artificial-illumination 
sources that depend on ac 
electricity will inevitably 
flicker. One way to avoid the 
problems that this flickering 
can cause is to ensure that 
the ac frequency is high- 
er than the machine-vision 
system's frame rate, so that 
the exposure time of any 
given image integrates sev- 
eral cycles of light variation. 
Too low an ac-line frequen- 
cy lowers the throughput of 
such systems as automated 
inspection stations on an as- 
sembly line. 



Geometry is another im- 
portant lighting factor to 
consider. Geometry de- 
scribes the alignment be- 
tween the light source, the 
object being viewed, and the 
camera. The optimum geom- 
etry depends on the object's 
physical characteristics, 
which affect the reflection, 
transmission, scattering, ab- 
sorption, and emission of 
light. Different surface tex- 
tures, for instance, require 
different lighting. 

THE RIGHT GEOMETRY 

Figure A, which shows the 
results of two light positions 
on the image of a glossy 
surface with grayscale mark- 
ings, highlights the impor- 
tance of lighting geometry. 








Figure A Incorrect lighting in a machine-vision system can elimi- 
nate the visibility of the features upon which the system bases 
control (courtesy Edmund Optics). 



An illumination source high 
above the surface can gen- 
erate glare that compro- 
mises the image, washing 
out differences in the mark- 
ings. Placing the source at a 
low angle to the surface and 
adding a diffuser to reduce 
specular reflections help in 
the detection of small visu- 
al differences on such sur- 
faces. 

Deeply textured products, 
on the other hand, produce 
significant shadowing when 
the illumination source is 
low to the surface. If the ap- 
plication is examining the 
texture, this approach may 
be appropriate. If the pur- 
pose is to look for marking 
on the surface, however, the 
shadows become, in effect, 
visual noise for the detec- 
tion algorithms. 

Other surfaces may re- 
quire different approach- 
es, so knowing the object's 
surface qualities is essen- 
tial to the creation of ap- 
propriate illumination 
in a machine-vision sys- 
tem. Fortunately, guide- 
lines are available. The CIE 
(International Commission 
on Illumination) provides 
recommended lighting 
geometries for a variety of 
surfaces through its Web 
site, www.cie.co.at/cie. 
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R A Q ' s 



Rarely Asked Questions 



Observing Maximum Ratings or How to Avoid 
Forecasts of Doom. 

Q. How much safety margin is there in "absolute 
ratings? 



maximum 



A. None! And integrated 
circuits (ICs) are not fortune 
tellers. 

An ICs absolute maximum 
rating is the limit of the con- 
ditions under which it may be 
operated. Operation beyond 
these limits will damage it, 
and may destroy it. 

How far beyond the limits 
is never stated. Some devices 
are very robust, some are 
not, but no manufacturer will 
provide support for devia- 
tion from the limits. The only safe rule is to 
treat "never" as never But understanding 
why exceeding absolute maximum limits can 
cause damage allows us to design better 
systems. 

A zener diode is designed to conduct 
with a reverse voltage larger than its break- 
down voltage and can safely carry large 
reverse currents. But other IC diodes, espe- 
cially base-emitter junctions, are damaged 
by very small reverse currents, sometimes 
within a few microseconds. Similarly, the 
gate oxide of a MOS device broken down 
by an over-voltage is irreparably damaged. 
So, exceeding absolute maximum voltages 
may damage ICs by breaking down a junc- 
tion or gate oxide. 

Some absolute maximum voltages are 
expressed in terms of other voltages. In 
other words, the input voltage (y^^) of an 
amplifier may be limited to V^^-O.S V < V,,^ < 
Vpj^4-0.3 V, or the negative supply limit may 
be defined in terms of the positive supply 
-Vgg < Vpjj. The first means that the input 
voltage may not go more than 300 mV out- 
side the supplies, while the second means 
that the magnitude of the negative supply 
must never exceed that of the positive sup- 
ply. This does not mean that if you will be 
using a -1-10 V V^^ the input may go to -i-8 
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V, or the V^^ to -8 V before is turned on. 
Although silicon chips are crystals, they are 
not crystal balls and absolutely cannot foretell 
the future^ Absolute maximum specifications 
of this type indicate that power and signal 
sequencing is important. Exceeding this type 
of limit may not cause device breakdown, 
but is likely to turn on parasitic devices in 
the IC substrate, which in turn can latch up, 
short-circuit the power supply, and destroy 
the device by overcurrent or overheating. 

In addition to voltage limits, the absolute 
maximum specification may limit chip dissi- 
pation, currents at certain pins, and chip and 
package temperatures. Sometimes transient 
dissipation and current limits may be higher 
than steady-state ones, but it is very impor- 
tant to understand — and remain within — all 
the prescribed limits. 

^Asimov, A "The Endochronic Properties of Resubiimated 
Thiotimoline" ASF March T948 
(http://en.wikipedia.org/wiki/Thiotimoline) 
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To learn more about 
absolute maximum ratings, 
Go to: http://rbi.inis.ca/5383-101 
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et-brigade style through the array to the 
charge sensor that provides the digital 
readout. CCDs from VGA resolution to 
more than lOM pixels in square or rect- 
angular arrays are available. 

A basic digital camera has only one 
charge sensor, so reading an image out 
of the camera occurs one pixel at a time. 
This one-at-a-time action ties the cam- 
era's frame rate to its resolution. For a 
given CCD-process technology, there 
is an upper limit to the speed at which 
the transport array can move the pixel 
charges. So, the larger the array, the lon- 
ger it takes to read out an entire frame. 

This trade-off is not absolute. Cam- 
era CCDs with multiple charge sensors 
are available. They break the image into 
nonoverlapping blocks that you can read 
out in parallel, increasing the achievable 
frame rate. However, balancing the mul- 



tiple conversions from charge to digital 
value so that the independent blocks 
will produce matching images compli- 
cates the design effort. 

It is also possible to increase the frame 
rate of a high-resolution camera by using 
only a subset of the total image. Camer- 
as that offer this feature allow the con- 
trol system to specify an image area of 
interest for readout rather than shift out 
the entire array. This approach results in 
a smaller image at a faster frame rate. 

APPLICATION TRADE-OFFS 

The optimum balance between frame 
rate and resolution for a machine-vi- 
sion system depends strongly on the ap- 
plication. High resolution, for instance, 
is necessary when looking for small de- 
fects on large objects or making preci- 
sion measurements of object dimen- 



sions. High frame rates help increase 
system throughput in terms of objects 
examined per unit time or the time 
needed to scan a large object. 

The balance of frame rate and resolu- 
tion affects camera cost. Fast multiblock 
and area-of-interest cameras are more 
costly than lower speed cameras of the 
same resolution. Higher image resolu- 
tions mean more expensive sensors and 
usually need more expensive optics in 
the camera to achieve the proper depth 
of field and field of view. Along with cost 
considerations, you must also factor into 
the camera choice such requirements as 
illumination (see sidebar "Lighting for 
machine vision") and color (see sidebar 
"When color matters"). 

The choice of camera sets the upper 
limit on achievable performance in a 
machine-vision system, but it is not the 



WHEN COLOR MATTERS 



Color is a subjective val- 
ue that depends on an 
object's illumination and 
viewing environment as 
well as its spectral proper- 
ties. Cameras do not see 
color, however; they detect 
levels of integrated spec- 
tral information that be- 
comes a specific color on- 
ly when a human observer 
views it under some set 
of lighting conditions. To 
automate color-based in- 
spection, then, a machine- 
vision system must mod- 
el the behavior of human 
eyesight. 

Color in machine-vi- 
sion systems typically has 
one of two functions. One 
is to use color as a basis 
for identification or dis- 
crimination of objects, 
as in a color-sorting sys- 
tem. Color-sorting systems 
need only to be able to dis- 
tinguish among various, of- 
ten quite different, colors, 
so their lighting and image 
processing are not particu- 
larly critical. A crayon man- 
ufacturer, for instance, can 
use a simple color-sorting 



; system with standard room 

; lighting to ensure that 

i there is only one red cray- 

i on in each box. 

The other function of col- 

; or in machine vision is to 

; monitor the color itself to 

; ensure that it meets pro- 

i duction specifications, if a 

i crayon manufacturer wants 

i to guarantee that the red 

i crayon in each color-as- 

i sorted box looks identical 

i to that same crayon in ev- 

; ery other box, it needs a 

j visual-color-matching sys- 

i tem. Only color matching 

i can determine whether two 

i red crayons look identical. 

I COLOR MATCHING 

Visual-color-matching 

: systems must judge color 

; in the same way that hu- 

i mans do. One way to make 

i this judgment is to use the 

i "golden-reference" strat- 

; egy by choosing a unit that 

i is as close to ideal as pos- 

; sible. The inspection sys- 

; tem then uses relative- 

i color analysis to measure 

i visual-color differences 

; between each item it ex- 



i amines and the golden ref- 

; erence. 

The precision of color- 

i matching systems depends 

i in part on the illumination 

i source's spectral charac- 

i teristics. The light source 

i needs to include adequate 

i emission at every wave- 

i length within the visible 

I range-380 to 720 nm-to 

i produce results that match 

i human perception. 

The system should avoid 

i the presence of bright 

i spectral lines in the illumi- 

i nation spectrum to be able 

i to detect metamerism: two 

I objects that look the same 

I under one light source but 

; different under another 

I light source. Metamerism 

i occurs because human vi- 

1 sual systems can distin- 

i guish only broad ranges, 

i not detailed wavelength in- 

i formation. The additional 

i illumination at a specific 

I wavelength that spectral 

i lines provide can fool the 

I eye into seeing a color that 

i is not inherent to the ob- 

i ject. Few cameras detect 

i detailed spectral informa- 



; tion, so metamerism af- 

i fects most cameras in the 

i same manner as it affects 

i humans. 

When a system uses 

; color matching solely for 

; pass-fail inspections, the 

i way in which the system 

i quantifies the color is ir- 

; relevant; any color scheme 

: will work, if the system is 

i to quantify mismatches 

i for the purpose of correct- 

i ing the production process, 

i however, the choice of col- 

j or-description schemes be- 

i comes important. Standard 

i color spaces such as the 

i RGB (red-green-blue) of 

; conventional digital camer- 

: as provide no insight into 

; how a person will perceive 

i a color. Thus, the measure- 

i ment of a color error in 

i this space does not read- 

j ily translate into corrective 

i action. 

1 HUMAN-ORiENTED COLOR 

To provide color feed- 

: back that has human sig- 

; nificance, the vision sys- 

i tem needs to use a color 

; space that describes colors 
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only determining factor. The rate 
at which image processing can oc- 
cur also faces limits. Several factors 
affect this rate, including image 
resolution, the type of processing 
needed, and the image processor's 
performance. 



PROCESSING CHOICES 

Most often, the application dic- 
tates the image resolution and 
type of processing, leaving design- 
ers only the choice of image pro- 
cessor to trade off cost and perfor- 
mance in the system design. Com- 
plete image-processing boards and 
systems in VME, PCI, and other board 
formats are available from companies 
such as Cognex, Dalsa, Epix, Matrox, 
National Instruments, and Philips Ap- 
plied Technologies. In addition, some 



TABLE 1 COMMON MACHINE-VISION ALGORITHMS 


Algorithm 


Description 


Usage 


Histogram 


Counts and graphs the total number 
of pixels at each gray-scale level 


Determine w/hether the exposure and 
contrast of an image are suitable to the 
application ^ 


Spatial filters 


Remove noise, sharpen, smooth, and 
transform images 


Improve image quality 


Blob analysis 


Detect binary large objects (blobs) to 
find regions of interest in an image 


Locate objects, detect flaws, identify 1 
objects 




-Losate the edges of objects 


Measure objects, detect ob]ects^^^| 
determine alignment ^^^^^^^^^^^H 


Pattern matching 


Locate regions of an image that 
match a template 


Locate and identify objects for align-^^ 

ment, inspection, and measurement 1 


Color matching 


Compare the color of a region with 
a color template 


Identification, sorting, color inspection^ 



cameras manufacturers incorporate 
image-processing hardware into their 
products, forming a "smart camera" that 
is user-programmable to handle many 
machine-vision tasks. 



Some of the choices available at the 
component level for creating custom im- 
age-processing systems include general- 
purpose CPUs, DSPs, dedicated process- 
ing hardware, and specialty image pro- 




Figure A Vision systems that must measure colors and provide 
corrective feedback need to use a color space such as the CIE 
L-a-b, which describes color in human-perception terms (cour- 
tesy Edmund Optics). 



in a manner similar to hu- 
man perception. Tlie CIE 
(International Commission 
on Illumination) L-a-b color 
standard is one such color 
space (Figure A). This stan- 
dard uses "opponent theo- 
ry," which relies on the fact 
that, in human perception, 
an object can look neither 
red and green at the same 



time nor yellow and blue at 
the same time. 

The CIE L-a-b system us- 
es three values-Lightness 
(L), a*, and b*-to quantify 
a color. The first, L, quan- 
tifies perceived bright- 
ness (gray level). The sec- 
ond, a*, represents how 
red or green the object 
looks. Positive a* values 



represent reddish colors, 
and negative values indi- 
cate greenish ones. The 
third parameter, b*, indi- 
cates yellowish versus blu- 
ish colors. Positive b* indi- 
cates yellow, and negative 
b* indicates blue. 

The CIE L-a-b color 
space is perceptually uni- 
form; that is, equal differ- 
ences in the color space 
represent equal human- 
perceived color differenc- 
es. This representation 
simplifies the correction of 
color errors. If a measure- 
ment shows that a color 
looks too bluish, fixing the 
problem becomes simple. 

A similar color space 
is the HCL (hue/chroma/ 
lightness) standard. Hue 
describes how red, green, 
blue, or yellow the color ap- 
pears. Chroma represents 
the color's departure from 
gray, which humans per- 
ceive as saturation or vivid- 
ness. Lightness describes 
how dark or light an object 
is. The lightness scale runs 
from black to white with 
gray in the middle. 



These two color stan- 
dards map onto one an- 
other with CIE L-a-b values 
translating uniquely to the 
HCL color space. You can 
calculate hue and chro- 
ma from a* and b* values. 
Lightness is the same in ei- 
ther scale. Thus, a system 
that can work in one repre- 
sentation can work in both, 
providing information that 
will help evaluate and cor- 
rect color errors. 

The RGB color space al- 
so maps into the human- 
oriented color spaces but 
not completely. The map- 
ping function to cover the 
entire color space describ- 
able by HCL or L-a-b re- 
quires negative values for 
red and green in some ar- 
eas. Because cameras can 
provide only positive out- 
put values, working in the 
RGB space results in an 
inability to describe some 
colors. Applications that 
must handle the entire col- 
or spectrum require sen- 
sors such as spectrometers 
or colorimeters to make 



color measurements. 
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Figure 1 The image sensor in digital cameras is a CCD (charge-coupled device) that 
typically shifts out image data one pixel at a time, coupling image resolution with the 
maximum frame rate achievable (courtesy Imperx). 




Figure 2 The latest wave of machine-vision-control systems is appearing in automobiles, 
identifying objects such as nearby pedestrians to warn drivers of impending hazards 
(courtesy NEC). 



cessors. General-purpose CPUs, includ- 
ing PCs, are most useful if the CPU is al- 
so slated for use in other system-control 
tasks and if the image-processing tasks 
are modest, with simple algorithms and 
relatively low resolution and low frame 
rate. Dedicated processing hardware — 
possibly implemented in an ASIC or an 
FPGA — is most effective at the other 
performance extreme: high resolution 
and high frame rate. The more complex 
the processing algorithm, however, the 
more difficult the hardware design. 

For the highest performance with 
complex processing algorithms, a soft- 
ware-driven DSP or specialty image pro- 



cessor may prove more cost-effective 
than dedicated hardware. A number of 
high-performance DSPs suitable for ma- 
chine-vision applications are available 
from companies such as Analog Devices 
and Texas Instruments. These devices 
are well-established product lines with 
substantial development-tool and li- 
brary support for machine-vision appli- 
cations. 

The specialty image processors repre- 
sent a new breed of devices targeting the 
automotive market, although they are 
also useful for other vision-control appli- 
cations. The automotive market for ma- 
chine vision is growing, according to a 
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PWM Controller 
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Synchronized 180° out-of-phase, reducing 
the RMS input current and ripple voltage. 
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Triple Output 
PWM Controller 

4.5V to 5.5V or 
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An adjustable overcurrent protection circuit 
monitors the output current by sensing the 
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components, freeing-up valuable board space 
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recent report (Reference 1). Among the 
automotive applications for machine-vi- 
sion-control systems are those targeting 
automated parking and driver safety. 

Automotive-safety applications use 
machine vision to supplement a driver's 
awareness of such things as lane mark- 
ings, pedestrians, and other objects in 
the road by identifying and highlighting 
them in a video display (Figure 2). The 
vision systems may also monitor the 
driver, looking for indications of doz- 
ing, distraction, or inattentiveness. Cur- 
rently, such systems provide warnings or 
alerts to the driver, such as by sounding 
an alarm or vibrating the steering wheel, 
rather than take control of the vehicle. 
Future uses may, however, also include 
automatic activation of braking systems 
or even evasive action. 

The vision task for these systems is to 
scan images of the road or driver to lo- 
cate, identify, and assess potential haz- 
ards. This task can be as simple as locat- 
ing lane markings to determine whether 
the driver is drifting across the road or as 
complex as determining the presence of 
a pedestrian near the vehicle, measuring 
the relative positions and movements of 
the car and pedestrian, and determining 
whether a collision is imminent. 

AUTOMOTIVE VISION 

Because these specialty processors 
are handling safety-critical functions, 
they must operate in real time using 
complex algorithms to help minimize 
false alarms. Thus, they represent some 
of the most powerful programmable im- 
age processors available. One product 
in this category is the MobilEye EyeQ 
image processor, manufactured by ST- 
Microelectronics. The EyeQ uses two 
ARM RISC-processor cores and four 
proprietary VCEs (Vision Computing 
Engines) operating in parallel to pro- 
vide high-performance scene recogni- 
tion and interpretation in a single-chip 
device. 

NEC Electronics has also announced 
a specialty image processor for automo- 
tive-machine-vision applications, the 
hnapcar for image recognition. This 
device uses 128 processing elements in 
parallel, using an SIMD (single-instruc- 
tion-multiple-data) architecture to han- 
dle multiple parts of an image simulta- 
neously. The company claims an equiv- 
alent processing power of lOOG opera- 



tions/sec with a 100-MHz clock. 

Whether an application requires such 
processing power depends on the com- 
plexity of the image-processing algo- 
rithms as well as the image resolution 
and frame rate required. In addition, 
the efficiency of the algorithm's software 
implementation is a significant factor. 
Fortunately, libraries of common im- 
age-processing functions that are high- 
ly optimized for performance are widely 
available, both from processor manufac- 
turers and independent software provid- 
ers. Table 1 lists a number of important 
image-processing functions available in 
software along with their uses in ma- 
chine-vision-control systems. 

The availability of such software 
along with high-performance digital 
cameras and ever-increasing processing 
power has shifted machine vision away 
from being a specialty requiring high 
levels of technical skill and program- 
ming expertise. Machine-vision systems 
are becoming accessible to a wider va- 
riety of control applications, in which 
shape, size, color, and position of objects 
are the key factors determining how the 
system needs to react.EDN 
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Integrated Power On Reset 
and Watchdog Timer 
eliminates external devices. 



Two non-volatile alarms 
can be set to the second, 
minute, hour, day of the 
week, day or month. j 



Integrated 4k Bytes of 
EEPROM memory reliable 
for>2,000,000 write cycles 
eliminates external device. 



SOOnA General Purpose Real-Time Clock Selector Table 





Int. 
EEPROM 
(Bytes) 


Alarm 


CPUS 
POR 


up.Fx's 
Wdg 
Timer 


IRQ 


Four 


Vtrip for 
Rest/Bat Switch 


Package 


ISL12026 


512X8 


2 


N 


N 


IRQ/FouT 


5 Sel. (2.63V to 4.64V) 


8-Ld SO/TSSOP 


ISL12027 


512X8 


2 


Y 


Y 


RESET 


5 Sel. {2.63V to 4.64V) 


8-Ld SO/TSSOP 


ISL12028 


512X8 


2 


Y 


Y 


IRQ/FouT 


5 Sel. (2.63V to 4.64V) 


14-Ld SO/TSSOP 


ISL12029 


512X8 


2 


Y 


Y 


IRQ/FouT 


5 Sel. (2.63V to 4.64V) 


14-Ld SO/TSSOP 
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I 

he start of the much-anticipated death of 16- 
bit processors is upon us. Because of insuffi- 
cient forecasted demand, March 30, 2007, is 
the final date that Intel will accept orders for its 
MCS51, MCS251, MCS96, 80X18X, 80X38X, 
80X486DXX, and i960 microprocessors; In- 
tel will ship the last of these devices by Sept 28, 
2007 (Reference 1). It is only a matter of time 
before the other semiconductor companies pro- 
ducing 16-bit processors follow. Or is it? Are 16-bit processors des- 
tined to become a footnote in the history books? 




The much-heralded death of the 8- 
bit processor has failed to materialize, 
and it seems that almost everyone has 
acknowledged that 8-bit processors will 
continue to enjoy a robust place in the 
market. The market for 8-bit processors 
has not stagnated, but, rather, it contin- 
ues to find new life as the smallest pack- 
age, lowest power consumption, or low- 
est cost devices find their way into ap- 
plications that were just a few years ago 
not economically or technically feasi- 
ble. Two 2006 surveys queried embed- 
ded-system designers about their choice 
of processors. Even though the per- 
centages and distribution of processor 
choice differ between each survey, each 
one showed growth in the number of re- 
spondents saying that they were using 
8- and 16-bit processors in their designs 
(references 2 and 3). 

As much as high-end 8-bit proces- 
sors are adding capabilities and features 
that compete with low-end 16-bit pro- 
cessors, it is the falling edge of low-end 
32-bit processors reaching down into 
the 16-bit price range that some peo- 
ple have identified as the largest threat 
to the long-term viability of 16-bit ar- 
chitectures. Tensilica's Strategic Mar- 
keting Manager Steve Leibson made 
just such a case last year (Reference 4). 
The main point of the case is that the 
cost differential between 16- and 32- 
bit architectures continues to shrink as 
part of the total system cost. The point 
of the case continues by pointing out 
that there is no feature that a 16-bit ar- 
chitecture can implement that a 32- 
bit architecture cannot also implement 
eventually, at a nearly zero system or 
silicon cost differential. This fact is the 
crux of countless presentations from 
companies pitching their 32-bit archi- 



tectures — companies that do not offer 
16-bit products. 

The 2006 update of the EDN Mi- 
croprocessor Directory (www.edn.com/ 
microdirectory) lists 14 companies oth- 
er than Intel that offer 16-bit micropro- 
cessors or microcontrollers to the pub- 
lic engineering community. EDN's DSP 
Directory (www.edn.com/dspdirectory) 
also includes many 16-bit DSPs. Al- 
though some of the companies with 
16-bit products have not recently been 
publicly active with their 16-bit-product 
lines, many companies are continuing 
to invest in their 16-bit-product port- 
folios and are continuing to introduce 
16-bit-product lines. Are these compa- 
nies blindly betting millions of dollars to 
squeeze a little more out of a dying prod- 
uct line? Just what does the future hold 
for 16-bit processors? 

At first glance, 8- and 32-bit proces- 
sor architectures are squeezing out 16- 
bit architectures. The last few years ha\ e 
seen a resurgence of development effort 
by 8-bit-processor vendors. A previous 
article about 8- and 32-bit products ex- 
plored why 8-bit processors best cover 
the low end of embedded applications 
in price, power, and package size (Ref- 
erence 5). That article focuses on why 
8-bit processors can fend off increasing- 
ly lower cost 32-bit devices. This article 
expands on the processing sweet spots 
that last year's processing-options article 
proposed (Reference 6). 

THE SQUEEZE 

Will 8- and 32-bit processors do an 
adequate job of overlapping and com- 
pletely covering the applications that 
16-bit processors best serve? To enable 
their 8-bit architectures to continue to 
support expanding requirements in leg- 



acy 8-bit designs, 8-bit-processor manu- 
facturers have been expanding the capa- 
bilities and features of their 8-bit archi- 
tectures. Notable expansions are a larg- 
er addressable-memory map and higher 
clock rates. Although these devices may 
be able to emulate 16-bit data types, 
they do so at a performance and power 
penalty because they must perform mul- 
tiple chained operations on the low and 
then the high byte of the operands that 
16-bit architectures would otherwise 
implement as single instructions. A 16- 
bit processor operates faster and often at 
lower power than an 8-bit device for ap- 
plications with processor- intensive 16- 
bit mathematical tasks. 

This performance and power penal- 
ty to process wider data types is a driver 
for migrating from 8-bit to wider 16- or 
32-bit architectures. This point is a key 
transition enabling 32-bit processors to 
compete with 16-bit processors; it is also 
central to the claim that 16-bit devices 
are doomed. If a design team must port 
its design to a new architecture, why not 
port it to one that has much less risk of 
requiring another port in the near future ? 
In this case, weighing the size of the risk 
and the cost of performing another port 
becomes a trade-off in deciding wheth- 
er to use an optimized 16-bit implemen- 
tation or to skip to an adequate 32-bit 
implementation with room to grow. For 



AT A GLANCE 

□ More embedded-system designs 
continue to include 8- and 16-bit 
processors. 



□ Some semiconductor companies 
are making serious efforts to sup- 
plant the 1 6-bit-processor market 
with lower end 32-bit devices. 



□ Just as 8- and 32-bit architec- 
tures are evolving, so too are 1 6-bit 
devices to remain competitive. 



□ Lower cost and power consump- 
tion will continue to be differentia- 
tors between 1 6- and 32-bit 
processors. 



□ A 1 6-bit sweet spot is any appli- 
cation that couples power consump- 
tion with data-intensive processing 
or peripheral-task-intensive control. 



□ Portable or distributed monitor- 
ing and control applications are 
emerging opportunities for 1 6-bit 
architectures. 

designers using soft cores in FPGAs, the 
choices are limited (see sidebar "FP- 
GAs' 16-bit options"). 

In addition to more complex control 
functions, other drivers pushing 8-bit 
legacy design to consider porting to larg- 
er architectures include added functions, 
especially network connectivity; the 
need to drive larger displays; and the de- 
sire or need to use an RTOS (real-time 



operating system) for task management. 
TCP/IP (Transfer Control Protocol/In- 
ternet Protocol) network stacks require 
a hefty memory footprint, and there are 
few sources of TCP/IP stacks for 8- and 
16-bit architectures. CMX Systems sup- 
ports TCP/IP networking on 8- and 16- 
bit systems, but to support the smallest 
footprints, the stacks omit some pro- 
tocol support. There is stronger RTOS 
support for 3 2 -bit architectures than for 
16-bit ones, mainly because systems im- 
plemented on 32-bit devices tend to be 
more complex and better benefit from 
RTOS support. 

Last year, Luminary Micro introduced 
ARM Cortex-M3 -based 3 2 -bit proces- 
sors at prices as low as $1. This price 
places the processors squarely in com- 
petition with many 8- and 16-bit pro- 
cessors. In addition to Luminary Micro, 
Atmel and NXP offer low-cost ARM7- 
based processors that include features to 
ease the port effort from 8-bit designs. 
Some of these features, which are un- 
common in 32-bit offerings, include 
bitwise manipulation, brownout detec- 
tion, and power-on reset. The inclusion 
of these "8-bit" features in these devices 
plays to the point of 16-bit doomsayers 
that 32-bit devices can outplay the 16- 
bit architectures. 

Instruction size is another example of 
32-bit architectures' ability to play along 




Figure 1 These die shots of a 1 6-bit (a, courtesy Texas Instruments) and a 32-bit (b, courtesy NXP) processor illustrate the relative 
silicon area of the processor core and on-chip memory (not to scale with each other). 
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with the advantages of 16-bit architec- 
tures. In general, 16-bit ISAs (instruc- 
tion-set architectures) provide signifi- 
cantly better code density than purely 
32-bit ISAs, and this feature manifests 
itself in a design as smaller requirements 
for program memory. The impact of the 
advantage becomes apparent when you 
compare the silicon area of any 8-, 16-, 
or 32-bit-processor core and the memory 
in many systems today (Figure 1). This 
advantage is pronounced enough that 
many contemporary 32-bit ISAs include 
a 16-bit instruction subset. The Cortex- 
M3 ISA goes a step further, supporting 
only the 16-bit Thumb-2 ISA. The in- 
clusion of a 16-bit instruction subset in 
32-bit architectures substantially reduc- 
es the code-density advantage that 16- 
bit devices enjoyed. 

THEM'S FIGHTIN' WORDS 

Just as 8- and 32-bit architectures are 
including features that let them bet- 
ter compete in the 16-bit-application 
area, so too have 16-bit architectures 
been changing. For example, some mod- 
ern 16-bit processors, such as Freescale's 
MC9S12XE 16-bit microcontrollers, 
break the traditional 64-kbyte address- 
space limitation with support for a 1- 
Mbyte or more linear addressing space 
with no paging. The memory-to-memo- 
ry addressing and 16 single-cycle, 16-bit 
registers in Texas Instruments' MSP430 
family are examples of a modern 16-bit 



architecture's addressing the accumula- 
tor bottleneck and limited register space 
in older 16-bit implementations. The 
16- and 8-bit processors are including 
embedded debugging circuitry to assist 
developers. 

RTOS support can help simplify pro- 
gramming and the process of migrating 
from 8- to 16-bit microcontrollers. The 
options have been growing for those 
16-bit designs that can benefit from an 
RTOS. RTOS support for 16-bit archi- 
tectures has lagged behind that for 32-bit 
architectures, but it is happening. In ad- 
dition to processor-vendor-provided ker- 
nel support, RTOSs supporting 16-bit ar- 
chitectures are available from third-party 
sources, such as CMX, Mentor Graph- 
ics (Nucleus), Micrium (|jlC/OS-II), 
and FreeRTOS. To better support 16- 
bit RTOSs, these processors may include 
special on-chip registers, such as Fujitsu's 
User and System stack pointers, to pro- 
vide additional RTOS support. 

Memory protection is an important 
part of many embedded RTOSs, but 16- 
bit processors typically address system 
protection differently from 32-bit pro- 
cessors with an MPU (memory-protec- 
tion unit). One example is Microchip's 
CodeGuard security that enables OEMs 
to divide and share three segments of 
on-chip memory with tiered levels of 
security for the boot, secure, and gen- 
eral segments. This segmentation al- 
lows design houses or algorithm ven- 



dors to protect proprietary software in 
secure memory segments and permit a 
range of applications to access the algo- 
rithm from the other segments. Other 
examples of some system-protection or 
fail-safe features in 16-bit architectures 
are mechanisms to protect against acci- 
dental writes to flash program memory, 
traps for stack overflows, an indepen- 
dent clock source for watchdog timers, 
backup oscillators, and power brownout 
and power-on-reset supervisors. How- 
ever, MPUs are not limited to 32-bit 
processors; Freescale's MC9S12XE 16- 
bit microcontroller family includes an 
integrated MPU. 

Despite Intel's exit from the 16-bit- 
embedded-processor market, more than 
a dozen semiconductor companies still 
have active 16-bit-product lines. Many 
of them have processor-product lines 
that span 8-, 16-, and 32-bit architec- 
tures. Wayne Chavez, Freescale's au- 
tomotive-product-marketing manager, 
points out, "16-bit processors are still a 
source of growth, and Freescale's proces- 
sor strategy is one of intelligent over- 
lap." Many of the semiconductor com- 
panies that have processor products that 
span all of the data widths share this 
sentiment. In general, these companies 
place a lot of value on providing design- 
ers the ability to scale up and down for 
the best price, performance, and periph- 
eral mix by preserving the programming 
model and tools across processor ar- 
chitectures. Ultimately, the main con- 
cern is that one of their processors gets 
the design-in, and providing a scalable 
choice is part of their strategy to accom- 
plish this goal. 

Another concept, virtualization, is 
undergoing a resurgence from the old 
mainframe days. At a basic level, it 
means allowing the software-develop- 
ment model to not worry about wheth- 
er it resides on a single processor or on 
multiple cores. It can enable a hard 
RTOS to operate with a general-pur- 
pose operating system on the same de- 
vice. However, "Most embedded-soft- 
ware development still relies on an in- 
timacy with the metal for best cost and 
efficiency," says Ryan Scott, marketing 
manager for industrial and multimar- 
ket microcontrollers at Infineon. Pre- 
dictable or deterministic performance, 
lower power consumption, and a BOM 
(bill-of-materials) cost difference of 



FPGAs' 16-bit options 

Most FPGA companies offer and 
support 8- and 32-bit soft cores, 
but none currently support a 16-bit 
core. IVIIke Thompson, senior IP 
(intellectual-property)-product-mar- 
keting manager at Actel, says that 
the company periodically receives 
requests to support a 16-bit core 
but notes, "There is not enough 
traction to justify the additional 
cost to add and maintain a third 
architecture." Bob Garrett, senior 
marketing manager for Nios mar- 
keting at Altera, acknowledges that 
the company's Nios 1.0 core was 
originally a 1 6-bit core but that the 
currently supported configurations 
of the core are 32 bits. 



As a side note, FPGAs imple- 
mented alongside 8- or 16-bit pro- 
cessors in general act as external 
logic, a high-speed state machine, 
or a bridge for emerging niche 
functions. Power consumption 
is a significant challenge facing 
FPGAs in applications using these 
smaller processor architectures. 
According to Ritesh Tyagi, direc- 
tor of marketing for the System 
LSI Business Unit at Renesas 
Technology America, states, "As 
microcontrollers integrate hard- 
block implementations of these 
emerging functions, the new 
microcontrollers are replacing 
the FPGA." 
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Agilent N6700 modular power system 

• Starting at $1,000 per output* 

• One to four outputs of SOW, WOW, orSOOW 

• Mix and match basic, high-performance and precision outputs 

• True 1U — mount other instruments directly above/below 

• Command processing time < 1 millisecond 

• Standard LAN, USB, and GPIB interfaces 

• LXI Class C compliant 



Agilent Direct 



Get complete product information, Quick Quotes, 
and expert technical advice 

U.S. 1-800-829-4444 
Canada 1-877-894-4414 
www.agilent.com/find/n6700b 



Talk about power — the Agilent N6700 modular power system 
has tripled its output to 300W. And it's still as fast, flexible, and 
thin as ever. 

Its accelerated command processing leads to maximized 
throughput and higher performance. The modular flexibility 
lets you select any combination of 20 different power and 
performance levels to create a custom-configured power 
system with up to four outputs. And with its true 1 U size, 
the N6700 makes the most of rack space, allowing other 
instruments to be mounted directly above or below without 
having to account for ventilation space. 

Because the N6700 is part of Agilent Open, integration 
couldn't be easier. You'll find LAN, USB, and GPIB ports built 
in. The product is system ready and it can be integrated into 
your test-software environment. New LXI compliance adds 
even more flexibility by enabling local and remote measure- 
ments, monitoring, and testing. More power, indeed. 



© Agilent Technologies, Inc. 2007. 

'All prices listed are US dollars at time of printing. 



'0: Agilent Technologies 



even a penny still matters for embed- 
ded-system designs that 8- and 16-bit 
processors best suit. 

ESCAPING THE SQUEEZE 

Low cost and low power consump- 
tion are important differentiators for 8- 
bit processors. Unsurprisingly, the same 
situation is true for 16-bit processors, es- 
pecially when design teams perform a 
trade-off to migrate their design between 
16- and 32-bit options. Designs that tar- 
get 16-bit processors in general use less 
memory than those designs that would 
target a 32-bit processor. Despite the di- 
minishing silicon differential between a 
16- and a 32-bit core relative to the en- 
tire system, the appropriate amount of 
adjacent memory for each core size lim- 
its how close the price of these devices 
can converge. 

In many embedded-system appli- 
cations, especially those suited to a 
smaller architecture width, there is of- 
ten a significant opportunity for lower 
power consumption through low-pow- 
er sleep and standby modes. However, 
increasing leakage current — the power 
consumption when the processor is on 
but idle — negates the advantages that 
smaller process geometries provide in 
silicon area for converging the cost be- 
tween 16- and 32-bit processors. Clev- 
er clock gating does not get around the 
leakage-current penalty. The only way 
to avoid it is to use slower, less leaky 
transistors or to be able to completely 
shut down and provide power to the cir- 
cuit on a demand basis, further increas- 
ing the complexity and cost of the 32- 
bit device. Just as with performing 16- 
bit arithmetic with an 8-bit processor, 
a mismatch of data size and processor 
width can adversely affect the amount 
of overall processing the core can per- 
form and the amount of power it takes 
to perform those tasks when compared 
with an architecture width that match- 
es the data width. 

There is no 805 1 or ARM equivalent 
for the 16-bit-processor market. This 
fact may play heavily in the assumptions 
foretelling the death of 16-bit architec- 
tures; however, this issue may not be sig- 
nificant because 16-bit devices should 
be able to stave off 32-bit processors and 
defend their existence with configura- 
tions that are highly tuned for specific 
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applications. The question, then, could 
be: What are those applications? Cur- 
rently, automotive and industrial-con- 
trol applications are major market seg- 
ments for current 16-bit processors. 

A processing sweet spot for 16-bit de- 
vices is any application that couples sen- 
sitivity with power consumption and 
data-intensive processing or peripheral- 
task-intensive control that 8-bit prod- 
ucts cannot as efficiently provide. Such 
applications include metering for elec- 
tricity, water, and gas, as well as hand- 
held products, such as small point-of-sale 
products for taking orders in restaurants, 
retail stores, or service establishments. 

In recent years, a number of semicon- 
ductor companies have built hybrid pro- 
cessors, which the industry increasingly 
refers to as DSCs (digital-signal control- 
lers). These devices combine character- 
istics of DSPs and microcontrollers in 
a single instruction stream. Generally, 
DSCs can continuously feed the arith- 
metic unit without stalling, and they 
can perform rapid context switching for 
peripheral-control functions. These de- 
vices also commonly employ intelligent 
or autonomous peripheral capabilities 
to avoid starving the arithmetic engine. 
Most of these devices employ a 16-bit 
architecture. 

Emerging applications that 16-bit ar- 
chitectures and DSCs are well-positioned 
to support include portable, home-based 
medical equipment; portable monitor- 
ing equipment; and distributed industri- 
al-monitoring and -control equipment, 
such as for smart buildings. Most of these 
applications will also support wireless- or 
wired-network connectivity. Only time 
will tell whether the 16-bit doomsayers 
will relent as the 8-bit doomsayers have 
done in recent years. EDN 
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3000:1 True Color PWM™ Dimming Ratio & 3% Current Accuracy 

Large panel displays need a great number of high power LEDs for baclilighting. Powering and driving hundreds of watts for these 
LEDs is challenging due to size and thermal constraints. With the LT®3476 quad LED driver and the LT3003 "ballaster," the whole 
solution just got easier. The LT3476 delivers up to lOOW with 96% efficiency and provides a 1000:1 dimming range for brightness 
adjustment, high LED current accuracy for uniformity of light output and good thermal performance for simpler design. 



LED Drivers 



Info & Free Samples 



Part No. 


Type 


PWM 
Dimming 


Input Voltage 
Range (V) 


Max. Output 
Current (A) 


LT3474 


Buck LED Driver 


400:1 


4 to 36 


1 


LT3475 


Buck LED Driver 


3000:1 


4 to 36 


2x1.5 


LT3476 


Buck, Boost, Buck/Boost, 
Quad LED Driver 


1000:1 


2.8 to 36 


4x1 


LT3477 


SEPIC, Buck, Boost, 
Buck/Boost, Flyback, Inverter 


100:1 


2.5 to 36 


2 


LTC®3783 


SEPIC, Buck, Boost, 
Buck/Boost, Flyback, Inverter 


3000:1 


3 to 36 


10* 



"Depends on external MOSFET 




TECHNOLOGY 



www.linear.com/3476 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 




XT LTC and LT are registered trademarks and ThinSOT and 
True Color PWM are trademarks of Linear Technology Corporation. 
All otha- ti'ademarks are the property of their respective owneis. 
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Relax. Changing the world with your market-leading 
design just got a little easier. 




As the worlds most experienced producer of NAND Flash, 
Toshiba understands your MLC NAND design challenges 
better than anybody else. So it's no surprise we're now 
making it simpler than ever to integrate MLC NAND into 
your embedded designs. That's right. Innovative technology 
that works harder, while making your job easier. It's just one 
more example of the Toshiba commitment to /"^^^"^^ 
customer success. If you haven't experienced the I ^°shiba ■ 
Toshiba commitment, drop us a note. We'd love ' ' ■ 

to help you change the world. 



WWW.HELP.TOSHIBA.COM 
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A deep dive into HD 
for video-system design 

THE DIGITAL-VIDEO REVOLUTION IS NOW WELL UNDER WAY. IS THE 
TIME RIGHT FOR YOU TO SUPPORT HIGH-DEFINITION RESOLUTIONS? 



Technological advancements of recent years have 
enabled new video capabilities in end equipment 
ranging from cell phones and MP3 players to vid- 
eo walls and billboards. Because of the strong de- 
mand and level of innovation that characterize 
digital-video markets, system manufacturers must 
consider what form of video to include in their new products. 
One of the major issues is whether to provide for HD (high- 
definition) displays, which offer much better image quality 
than viewers were accustomed to in the past. Given the mar- 
ket's forward impetus toward bigger and better equipment, the 
answer would seem to be a no-brainer: yes. 

VIDEO 





SD MPEG-4 ^ 




SINGLE REFERENCE FRAME 



But it's important that video-system developers be clear 
about what HD involves to avoid the impression that ev- 
erything must be HD. You can call a variety of display for- 
mats "high-definition," and some or all of these may be in- 
appropriate in certain applications. In addition, you must 
weigh the quality of the display against the level of signal 
compression. And, in any system, there is an issue of cost. 
The real question, then, is not so much whether an applica- 
tion requires HD, but how to achieve the best possible qual- 
ity given the system's display, bandwidth, and storage con- 
straints, as well as consumers' price expectations. Once you 
determine this issue, you can select an underlying process- 

MINIMUM REFERENGE-FRAME-BUFFER REQUIREMENTS 
MEMORY 



ONE 720X480-PIXEL, 
4:2:0 FRAME= 
APPROXIMATELY 0.5 MBYTE. 





THREE 1920X1 080-PIXEL, 4:2:0 FRAMES=APPROXIMATELY 9 MBYTES. 



NOTE: NEITHER FIGURE INCLUDES ADDITIONAL DISPLAY BUFFERING AND OTHER DECODER BUFFERS, 
SUCH AS STREAM BUFFERS AND TABLES. 

Figure 1 Decoding HD video requires significantly more memory, especially when you have employed advanced video codecs to 
compress it, than is necessary with SD video. 
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COMMON DTV-DISPLAY FORMATS 





Resolution 
(pixels) 


Aspect 
ratio 


Refresh rates 
(frames or fields/sec)* 


Notation 
examples 


HDTV 


1920X1080 


1.78-to-1 


24p, 25p, 30p, 501, 60i 


1080160 




1280X720 


1.78-to-1 


24p, 25p, 30p, 501, 60p 


720p30 


SDTV 


720X576 


1 .33-to-1 


24p, 25p, 501, 50p 


576150 




720X480 


1 .33-to-1 


24p, 30p, 60i, 60p 


480i60 



*Frames per second for progressive (p) scans and fields per second 
for interlaced (i) scans. Two interlaced fields make a frame. 



ing technology that meets the general system requirements 
for performance, flexibility, and cost efficiency. 

WHAT DOES "HIGH DEFINITION" MEAN? 

Looking for an all-inclusive description of HD reveals how 
slippery the term can be. For most people and in most uses, 
"HD" refers to HDTV, with its wider screen and higher reso- 
lution than traditional SDTV (standard-definition TV). Al- 
though the width-to-height aspect ratio for SDTV is 1.33-to-l 
(4-to-3), HDTV at 1.78-to-l (16-to-9) is closer to the dimen- 
sions of most cinema releases, so there is less need for crop- 
ping or letterboxing to fit film images onto the screen. The 
top resolution that manufacturers define for HDTV offers six 
times the visual information of SD, making details appear cor- 
respondingly crisper and colors more intense. Because of the 
digital transmission of HDTV, pictures either come through, or 
they do not: The snowy, washed-out images and vertical rolling 
of analog broadcasts are things of the past. A digital source al- 
so enables multiple images to simultaneously fit onto the same 
screen for easier channel surfing or reference to programming 
schedules and other information. When multispeaker surround 
sound adds to these visual advantages, the result can be an as- 
tonishing new experience in home entertainment. 

The appeal of large, brilliant screens that closely mimic the 
movie-theater experience is the driving force when it comes 
to marketing the new digital-transmission technology to con- 
sumers. But HDTV is not synonymous with DTV (digital TV), 
which has a broader definition, though public perception may 
have confused the two terms. Manufacturers have been phasing 
in DTV in the United States over the last several years, with 
the governing ATSC (Advanced Television Standards Com- 
mittee) defining a number of commonly used digital-broadcast 
formats. DVB (Digital Video Broadcasting), the equivalent in- 



ternational organization, has also defined formats that 
overlap with the ATSC formats. 

Table 1 lists some of the common display formats for 
DTV, showing that there are a number of HDTV for- 
mats. Almost all HD displays are now progressive-scan, 
and HDTV sets with 1080p (1920X 1080-pixel resolu- 
tion, progressive scan) have only recently become avail- 
able. In countries that transmit PAL (phase-alternation- 
line)- or SECAM (sequentiel couleur avec memoire)- 
based analog television, refresh rates of 25 and 50 frames/ 
sec find use, rather than the NTSC (National Televi- 

sion System Committee) rates of 30 and 60 frames/sec 

in the United States. The 480i60 (720x480-pixel reso- 
lution at 60 frames/sec, interlaced-scan) SD format provides a 
digital approximation of NTSC analog-TV reception, whereas 
576160 is a digital approximation of PAL and SECAM. HDTV 
screens can also display these SD formats, though not at the 
full screen width. Manufacturers sometimes market the 480p60 
and 576p60 formats, as well as some resolutions that standards 
do not list, such as 1080X720 pixels, under the label EDTV 
(extended-definition TV). For compatibility with film, stan- 
dards define 24 frames/sec for use in video production, though 
it is not a broadcast-transmission rate. 

WHAT ELSE MIGHT "HD" MEAN? 

Digital video also has low-end resolutions, which some refer 
to as LDTV (low-definition TV), which often finds use in In- 
ternet streaming and low-end video. In these low-end formats, 
the basic unit is CIF (Common Intermediate Format), which 
at 352X288 pixels is roughly one-quarter of the SD-screen 
resolutions. CIF and its subdivisions, such as QCIF (quarter 
CIF, or 176X144 pixels), are familiar in computer streaming 
video and provide the basis for divided-screen applications on 
DTVs. CIF also has its multiples: 4CIF (4 times CIF, or 
704X576 pixels), 9CIF (9 times CIF, or 1056x864 pixels), and 
16CIF (16 times CIF, or 1408X1152 pixels). These higher end 
CIFs overlap in scale with but do not match the HDTV for- 
mats, so you can use LDTV to build HD formats that do not 
correlate with HDTV resolutions. 

At the high end, new formats, such as the lab-demonstrated 
UHDV (ultra-high-definition video), are appearing that even 
further push display technology. UHDV provides 16 times the 
pixels of a 1920X 1080-pixel image. Even without going to 
these spectacular lengths, you can find equipment that goes 
beyond HDTV resolutions in digital-cinema and commercial- 



PERFORMANCE REOUIREMENTS FOR REPRESENTATIVE HD APPLICATIONS 



HD encode 
application 


Key priorities 


2006 technology 


Memory 
requirements 


Video bit rate 


Typical 
display format 


Typical codec 


Broadcast HDTV 


High quality for high- 
action sports 


Tens of 1 -GHz 
DSPs and FPGAs 


Multiple 
gigabytes 


10 to 20 Mbps 


1080160 


MPEG-2, H.264 
High Profile 


Videoconferencing 


Low latency, best 
resolution for avail- 
able bandwidth 


Multiple 720-MHz 
DSPs 


Hundreds of 
megabytes 


More than 1 
Mbps 


720p30 


H.264 Baseline 1 
Profile 1 


Digital still camera 


Low-complexity quick 
printing from video 


Single-chip, 450- 
MHz, low-power 
system on chip 


32 to 64 
Mbytes 


4 to 8 Mbps 


720p30 


MPEG-4 (part 2) 
Simple Profile 
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Westcor's new PFC FrontEnd, 
this tough, low profile, 
high density package is ready to 



> Integral cooling fans 

> Meets Mil Std 81 OE for vibration 

> DIN rail compatible 

> Safety Agency approvals: cTUVus, 
CE mark 




Features 

> Power Factor Corrected (PFC) 

> Low profile (1.72" (43,6 mm H) 

> 375 Vdc output 

> Power density up to 28 W/c.i. 

> Output power to 2,200 W 

> Up to 4 non-isolated outputs 



The PFC FrontEnd is an extremely low profile, 1 RU enclosed 
chassis mount AC front end that may be used with any 
300 V VI-200 / VI-JOO or 375 V Vicor Maxi, Mini, Micro 
Series modules, VIPAC Arrays, or other modules to create 
a complete, high density AC-DC power supply Accepting 
universal input voltages of 85 Vac to 264 Vac, and 100 
to 380 Vdc, the PFC FrontEnd can deliver up to 2,200 W 
@ 230 Vac from 4 non-isolated outputs (additional using 
"Y" adapters). With an extremely compact package size 
of 1.72" H (43,6 mm) x 6.4" W (162,6 mm) x 7" L 
(177,8 mm), the PFC FrontEnd can provide >28 W/inl 



Besides meeting the cTUVus and CE mark safety agency 
approvals, the PFC FrontEnd complies with harmonic 
current limits per EN 61000-3-2, Electrical Fast Transient / 
burst per EN 61000-4-4 and Surge Immunity per EN 
61000-4-5. It also meets the rugged Mil Std 81 OE for 
vibration. 

For information contact: 1-800-735-6200 
vicorpower. com/pfcfrontend 



Power Through Innovation 
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video production. In addition, a range of HD-computer-graph- 
ics formats sometimes finds use in video display. Although these 
computer-graphics formats traditionally exhibit the 1.33-tO'l 
SD aspect ratio of CRTs, some of the recent variants incorpo- 
rate support for wide-screen LCDs that can handle HD-digi- 
tal video, among other applications. These wider formats in- 
clude WXGA (wide extended graphics adapter) at 1280x800 
pixels, WSXGA+ (wide super XGA+) at 1680x1050 pix- 
els, and WUXGA (wide ultra XGA) at 1920X 1200 pixels, all 
with aspect ratios of 1.6-to-l. Refresh rates for these formats 
are almost always progressive-scan and much faster than DTV 
rates. Although these formats differ from the HDTV-standard 
formats, computer- and DTV-display technology is so closely 
linked today that most HDTV sets actually use VESA (Video 
Electronics Standards Association) resolutions, such as WX- 
GA, with the TV converting the video from the broadcast or 
recorded format to the actual display format. 

OTHER FACTORS AFFECTING IMAGE QUALITY 

Clearly, a developer had better understand the range of dis- 
play requirements for a system before undertaking an HD de- 
sign. Just as important as the technical requirements, though, 
are the perceptual ones: How an end user employs the system 
can make an even bigger difference than the format of the dis- 
play. First, HD's effects are perceptible only with large displays: 
At less than 40 inches diagonally, the display largely loses the 
extra resolution. Obviously, HD would be pointless for a hand- 
held display on a cell phone. But even in a small display for, 
say, viewing in the back seat of a car, a viewer cannot tell the 
difference between HD and SD. 

Second, the effect of surround sound is even more dramatic 
than that of a high-resolution display. In other words, great 
sound will make a so-so image seem better, whereas inade- 
quate sound will diminish the effect of a great image. Manu- 
facturers should look to improve audio along with, or even 
before, video. 



The third factor affecting image quality is video compression 
and decompression. Normally, the system compresses digital 
video to reduce the enormous bandwidth it requires, which, 
uncompressed, would exceed 124 Mbps for the SDTV broad- 
cast formats and approach 750 Mbps for 1080i60. Storage also 
is a factor, because single-layer DVDs can hold approximate- 
ly 4.7 Gbytes of data — enough for only short clips of uncom- 
pressed video. Double-layer HD DVD and Blu-ray discs extend 
storage to approximately 30 and 50 Gbytes, respectively, but 
they still require a huge amount of compression to hold hours' 
worth of video content. 

The Main Profile of MPEG-2 (Moving Pictures Experts 
Group 2), the best established and most widely used stan- 
dard for video compression, normally provides high-quality, 
source-dependent compression at ratios of approximately 30- 
to-1 to 50-to-l, using 4:2:0 color sampling. Because H.264, 
also known as MPEG-4 AVC (Advanced Video Coding) and 
as MPEG-4 Part 10 Main Profile, roughly doubles this level 
of compression, the video-broadcast and -recording industry 
will be moving to the new standard during the next few years. 
All of the ITU (International Telecommunications Union)/ 
MPEG standards are lossy, however, so the played-back de- 
compressed image is by nature less well-defined than the 
original image before compression. Because the images are in 
motion and because the standards' developers based them on 
a great deal of study about how people perceive images, the 
technologies conceal the loss of image definition so well that 
it is generally unnoticeable. However, pushing this loss be- 
yond the approximately 60-to-l to 100-to-l compression ra- 
tio of H.264's High Profile risks revealing flaws in the image; 
these flaws show up much better with HD displays. 

SYSTEM RESOURCES 

Decompressed 1080i60 video requires six times the amount 
of data that decompressed SD video requires, and 720p60 more 
than 5.3 times as much. In raw terms, therefore, the system 
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Application 


Current algorithms 


Future codec considerations 


Security/surveillance 


Motion JPEG, H.263 MPEG-4 
Simple Profile 


JPEG2000, H.264 Baseline, WMV9 


Videophone/ 
videoconferencing 


H.263, H.261 


H.264 Baseline ^^^^ 


Internet streaming 


Windows Media, Real Video, 
DivX, MPEG-4 


Frequent updates, PC platform has allowed support for proprietary codecs 


DVD 


MPEG-2 MP at medium level 


H.264, VC-1 required for HD-DVD and Blu-ray DVD 


Digitial-terrestrial TV 


MPEG-2 MP at medium level, 
MP at high level 


Opportunity for advanced codecs in regions without installed base 


Satellite 


MPEG-2 


Moving to H.264 High Profile to boost HD-channel capacity 


DSL-based video on 
demand 


MPEG-1, low-resolution MPEG- 
2 with bandwidth limitations 


WMV9, H.264 Main Profile, On2 VP6 


Digital still cameras 


Motion JPEG and MPEG-4 
Simple Profile 


H.264 Baseline 


Digital-video camcorders 


DV-25 


MPEG-2, MPEG-4 


Cellular media ^gg^^ 


MPEG-4 Simple Profile 


Avs-M ^^^^i^^^^^^^mf 
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must provide six times the processing throughput and mem- 
ory for HD as it would for SD. Moreover, because the more 
advanced codecs achieve greater compression by employing 
more memory and processing, the system requirements be- 
come correspondingly higher. For instance, the memory re- 
quirement for an MPEG-4 Simple Profile 480130 SD decoder 
for reference -frame data is approximately 500 kbytes, whereas 
the minimum requirement for an H.264 High Profile decoder 
for 1080i60 HD is about 9 Mbytes— 
18 times higher. This increase comes 
not only from the greater HD pixel 
resolution, but also from the fact that 
MPEG-4 Simple Profile requires on- 
ly one frame for its frame-prediction 
algorithm whereas H.264 Level 4-0 
High Profile requires five frames. For 
HD decoding, the processor there- 
fore must have 18 times the available memory for internal 
reference-frame buffers. It also requires additional memory for 
display buffering and other decoder functions, such as stream 
buffers and tables (Figure 1). 

Table 2 summarizes the general system requirements of 
three representative and widely varying HD-codec applica- 
tions. The first, broadcast HDTV, outputs the highest bit rate 
and operates in real time using either MPEG-2 or H.264 for 



[+] Go to www.edn. 
com/tns4215 and 
click on Feedback 
Loop to post a com- 
ment on this article. 



compression. Using today's technology, broadcast systems that 
compress HDTV programs for transmission require numerous 
high-frequency DSPs (digital-signal processors) and FPGAs 
(field-programmable gate arrays), supported by several giga- 
bytes of memory. A number of these devices, in a "blade" ar- 
rangement, may operate as a parallel-processing farm to pro- 
vide multiple channels of compressed-HDTV output. 

Another application, videoconferencing, needs to scale to 
accommodate the low-megabit-range bandwidths available 
through many WAN (wide-area-networking) links yet still 
be able to provide an HD image that can appear on a large 
display. Latency in the video-coding and -decoding process 
must be minimal to not interfere with conversation. Given 
the transmission requirements and assuming that you are us- 
ing the H.264 Baseline Profile for compression, the 720p30 
HD format — somewhat lower in resolution than the HDTV 
example but still high end — is practical. Today's technology 
requires several DSPs and hundreds of megabytes of memory 
to satisfy this application. 

A common consumer application for video compression is 
in DSCs (digital still cameras), which can capture short video 
clips for viewing on HD displays. DSC systems have to be 
easy-to-use and inexpensive, both factors leading to the use 
of MPEG-4 Simple Profile to minimize processing and mem- 
ory requirements. A single highly integrated DSP-based SOC 
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(system on chip) for portable-system applications can per- 
form the codec requirements of this application (Table 3). 

SYSTEM COST AND VERSATILITY 

Obviously, the requirements of HD systems vary widely, de- 
pending on bandwidth and compression levels, as well as dis- 
play formats. Video clips stored using a DSC would look primi- 
tive in a broadcast application, for example, whereas an HD- 
broadcast bit stream would overwhelm a videoconferencing 
system with data. But, at any level of application, HD formats 
will have considerably greater requirements for memory and 
processing than SD formats do. These requirements translate 
into higher component costs, which, like almost all semicon- 
ductor costs, will diminish predictably over time. For the system 
manufacturer, then, the fundamental question may be whether 
to build in HD support now at today's cost or stay with SD sup- 
port for the next year or few years until component costs are 
lower and HD demand has increased. 

Manufacturers must also consider the versatility of their de- 
signs, because virtually every digital-video system today has to 
take into account the continual introduction of, and improve- 
ment in, codecs. The influence of H.264, whether for DTV 
broadcasts, IPTV (Internet Protocol TV), videoconferencing, 
or other applications, will be significant in the next few years. 
Competing standards, such as WMV9 (Windows Media Ver- 



sion 9)/VC-l and China's AVS (Audio Video Coding), and 
the ITU/MPEG standards all offer variations in implementa- 
tion. Systems such as set-top boxes may have to dynamically 
deal with a number of standards and variations, interface with 
entertainment and gaming consoles, and support home-com- 
puter networks and, eventually, videophones. 

It may be important for such a system to not only decode, but 
also transcode and transrate, video streams to support differ- 
ent displays and handle application and control software. Even 
an application such as video surveillance needs the ability to 
upgrade its codec and add features such as object analysis and 
recognition. When you add variability of video-input-stream 
formats and end applications to the variety of potential HD 
outputs, the need for system flexibility becomes apparent. De- 
signers must bear this need in mind as they select an enabling 
technology for their video systems. 

SELECTING A MEDIA PROCESSOR 

To support the high-throughput, multiple-application re- 
quirements of an HD-video system, a processor must provide 
both performance and versatility at a reasonable cost. By de- 
sign, DSPs supply a high level of performance for handling 
real-time algorithms, such as audio/video codecs and HD- 
rate data streams. Processors that integrate both DSP and 
RISC (reduced-instruction-set-computer) cores have the 



2 Huge FETs in 1 1solated Package. . . No Joke. 

High Current Mid-Voltage Power MOSFETs in S-Lead ISOPLUS i5-Palis"< 





ISOPLUS™ Packages witli Internal Alumina DCB Isolation* 

DCB 



Rth(j-dcb) 

I RTH(DCa-Co5ol 



Rth(j-s) is lower than a standard part utilizing 
"add-on" insulation 

IXYS Patented Packages, Patent No. 6,404,065 

* ISOPLUS i5-Pak is a trademark of IXYS Corporation 

www.ixys.com 





Features 



standard package 

• Dual Die, Common-Gate configuration 

• UL Recognized 

• 2500V isolation voltage rating 

• DCB Substrate gives lower isolated 
thermal resistance 

• Flexible platform, enabling multiple 
chip solution 

• Superior thermal cycling capabilities 



Benefits 

• Rugged operation 

• 140A of useable current 
(75A/lead) 

• Reduced component count 

• Reduces parasitic inductance 
and capacitance 

• Cost-effective 

• Paralleling capabilities 



Part Number 


Voltage 

m 


lD(Non-isolated) 

Tc=25"C (A) 


bOsoiated) 

Tc=25"C (A) 


RDS(Dn) 
(mOhms) 


Qg 
Typ (nC) 


trr 
Typ (ns) 


RthJC* 
Max rc/W) 


Vf 

Diode (V) 


IXTL2X240N055T 


55 


240 


140 


4.4 


170 


30 


1.0 


1 


IXTL2X220N075T 


75 


220 


120 


5.5 


165 


50 


1.0 


1 


IXTL2X200N085T 


85 


200 


112 


6.0 


152 


55 


1.0 


1 


IXTL2X180N10T 


100 


180 


100 


7.4 


151 


60 


1.0 


1 



Note: Specifications are per die. 
* Thermal impedance witli isolation 



For Samples & More Info go to: http://focus.ixys.com/i5MVEDN 



Efficiency Through Technology 



□ IXYS 



76 EDN I FEBRUARY 15, 2007 



HIGH PERFORMANCE, 

CHANNEL COUNT, SPEED, AND ACCURACY 



fast flexible multi-function measurement solutions 

INTEGRATED M U LT I M ET E R/ D ATA ACQUISITION SYSTEMS 




Do you need: 

High precision measurements with high throughput? 
Multiple channels with signal conditioning and low cost per channel? 

We have exactly what you need. 



Request a FREE Simplified Test Toolliit CD 
at www.keitmey.com/at/305. 




KEITH LEY 



A GREATER MEASURE OF CONFIDENCE 

publisher@keithley.com ■ 1-800-588-9238 ■ Fax 440-248-61 68 



additional advantage of being able to partition performance 
between the DSP for signal processing and the RISC for 
control, communications, and applications software. Multi- 
core DSPs for audio/video applications also include VlCPs 
(video-image coprocessors) that provide hardware accelera- 
tion for operations that video codecs frequently use; they al- 
so provide additional on-chip hardware, such as video scal- 
ing and blending of graphics and video for creating the on- 
screen display to further offload video-display processing. 
Programmable DSPs provide the flexibility to support a va- 




riety of codec and display standards, and they also allow quick 
system adaptation to accommodate new functions. In addition, 
you can readily reprogram the same basic design to meet re- 
quirements for different market segments and regions. DSPs 
have in recent years also become more user-friendly by offer- 
ing a comprehensive, open-software platform with audio/vid- 
eo APIs (application-programming interfaces) that make the 
DSP transparent, so that the developer has only to program the 
RISC using C and standard development tools. Finally, DSPs 
that feature SOC integration with a memory subsystem and 
peripherals for video can help minimize 
system costs even in systems with HD 
and other advanced video features.EDN 
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Gain-of-two instrumentation amplifier 
uses no external resistors 

Marian Stofka, Slovak University of Teclinology, Bratislava, Slovakia 



An instrumentation amplifi- 
Bil er offers precise gain without 
feedback resistors, and, at any value 
of gain, it provides high input imped- 
ances at its noninverting and invert- 
ing inputs. In a typical IC instrumen- 
tation amplifier, a single resistor that 
connects across two gain-adjustment 
pins determines the circuit's overall 
gain. Integrated versions of most in- 
strumentation amplifiers allow the 
pins to remain open for unity gain 
but require finite-value gain-setting 
resistors for gains exceeding one. Al- 
though the gain-adjustment resistor 
might comprise a tiny surface-mount- 
ed device, its electrodes and internal 
resistive layer extend the conductive 



surface connected to the IC's gain-ad- 
justment pins. The extended surface 
acts as an antenna and thus makes the 
amplifier more susceptible to stray ex- 
ternal electromagnetic fields. 

Figure 1 shows an instrumenta- 
tion amplifier that offers a gain of two 
without using any external resistors. 
The circuit comprises a cascade of 
a symmetrical, differential-output am- 
plifier, formed by two channels of IC^; 
an Analog Devices (www.analog.com) 
AD8222 instrumentation amplifier; 
and a difference amplifier comprising 
one half of iq, a second AD8222. All 
three instrumentation-amplifier sec- 
tions in the circuit provide a stand- 
alone gain of one. Because the differ- 
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ential outputs of the first stage have 
opposite signs, their difference is twice 
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Figure 1 Based on two dual-section instrumentation amplifiers, this composite instrumentation amplifier offers a gain of 
two with an error margin of less than 0.06% and requires no gain-setting resistors. 



FEBRUARY 15, 2007 | EDN 81 



designideas 



that of the difference of the input 
signals. 

The circuit's worst-case gain error 
does not exceed the value of 8^ = 38j, 
where, at a gain of one, 8^ represents 
the maximum gain error of one sec- 
tion of the AD8222. For B-grade ICs, 
you calculate the value of 8 as 8 < 



0.06% (Reference 1). Typically, the 
value of 8, rarely reaches its maxi- 
mum value. Given the reasonable as- 
sumptions that all three amplifiers' 
gain errors are independent and obey 
a gaussian distribution, the probabil- 
ity of occurrence of 8^ = 38^ is about 
Via the probability of encountering a 



single amplifier that has a maximum 
gain error of 8j.EDN 

REFERENCE 

U "AD8222 Precision, Dual-Chan- 
nel Instrumentation Amplifier," Analog 
Devices Inc, www/.analog. com/en/ 
prod/0,2877,AD8222,00.html. 



Analog switch converts 555 tinner 
into pulse-width modulator 

Jordan Dimitrov, Tradeport Electronics, Vaughan, ON, Canada 



This Design Idea describes a 
new approach to producing a 
variable-duty-cycle waveform from a 
555-based free-running oscillator. The 
circuit's wide modulation range, high- 
ly linear control over a wide range of 
duty-cycle values, and excellent lin- 
earity make it ideal for PWM (pulse- 
width-modulation)-based control ap- 
plications. Figure 1 shows the basic 
circuit, which works as follows: When 
ICj's output goes high, switch Sj closes, 
and IC|'s internal discharge, switch S^, 
opens. Capacitor charges through 
R| andR^. When IC^'s output goes low, 
Sj opens, and closes, discharging Cj 
through R^ and R^. 

The generic configuration works well 
for producing a fixed-value duty cycle. 

(continued on f>g 86J 
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Figure 2 Add a potentiometer, R^, to produce an output pulse that has a 
manually variable duty cycle. 
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Figure 1 An external analog switch and a 
555 timer provide a free-running oscillator 
with a fixed duty cycle. 
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Figure 3 To obtain fixed-duty-cycle values for linearity evaluation, you 
can replace the potentiometer with a rotary switch and a series-con- 
nected string of precision resistors. 
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Triple Output 3-Phase Controller Saves Space and Improves 
Perfornnance in High Density Power Converters 

Design Note 409 
Mike Shriver 



Today's telecommunications, server and network ap- 
plications require power from a multitude of voltage 
rails. Having more than ten rails ranging from 5V to 1V 
or less Is common. These boards are typically crowded 
with heat-producing FPGAs or microprocessors, thus 
demanding power converters that are both compact and 
highly efficient. Furthermore, the converters may need 
to meet other requirements such as a fast load step 
response and rail tracking. 

The LTC®3773 switching regulator meets and even goes 
beyond the above requirements. This device is a 3-phase, 
triple output synchronous buck controller with built-in 
gate drivers packaged in either a 5mm x 7mm QFN or 
a 36-pin SSOP. Its switching frequency can be set to 



220kHz, 400kHz or 560kHz, or it can be synchronized 
to an external clock between 160kHz and 700kHz. The 
controller can step down from Input voltages as high as 
36V and the output voltage can be programmed from 
0.6V to 5V. 

Figure 1 shows a high density triple output DC/DC con- 
verter with each output delivering up to 5A using the 
LTC3773 controller. Figure 2 shows the efficiency of each 
output versus load current; where up to 93% efficiency is 
achieved. Reductions in space are realized by the use of 
dual channel FETs and a switching frequency of 400kHz 
which permits the use of 7mm x 7mm ferrite inductors. 

XITLT, LTC, LTM and Burst Mode are registered trademarks of Linear Technology 
Corporation. Ali other trademarl<s are the property of their respective owners. 
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Figure 1. High Density 5A Converter. Total Circuit Size = 1.5in^, witli Components on Botli Sides 
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Switching the three rails out of phase results in improved 
performance and reduced cost. The use of triple phase 
operation instead of single phase can result in a reduction 
of the input capacitor ripple current by over 50% as shown 
in Figure 3, allowing the use of less input capacitance. 
The outputs of two or more phases can be tied together 
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Figure 2. Efficiency of tlie LTC3773 Converter at V|n = 12V, 
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Figure 3. Input Capacitor Rippie Current Comparison for 

Single Phase and Triple Pliase Operation 

VouTi = 3.3V/5A, VouTZ = 2.5V/5A, Vquts = 1.8V/5A 

Single Phase: (t)i 2 3 = 0° 

Triple Phase: (^1,2,3 = 0M20°, 240" 



which results in output ripple current reduction as well 
and a faster load step response. Up to six phases can 
be synchronized using the CLKOUT pin (on the QFN 
part only). Fast and accurate current sharing among the 
parallel phases is a result of the LTC3773's peak current 
mode architecture. 

Compensation of each rail is achieved with an RC network 
on the Ith pin (error amplifier output). The external Ijh 
compensation and the current mode topology allow the 
designer to easily stabilize a converter with the minimal 
amount of output capacitance using a variety of ca- 
pacitortypes including conductive polymer, tantalum and 
ceramic while still achieving a fast load step response 
(see Figure 4). 

Other features of the LTC3773 include rail tracking and 
sequencing, a PGOOD signal, and three selectable light 
load operating modes (continuous conduction mode. 
Burst Mode® operation and pulse skip mode). 

Conclusion 

Now designers have a clear and practical solution when 
they need a compact and cost effective triple supply 
rail requirement in their telecom, server or network 
systems. 
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Ideal for WiMAX, WiBro, WLAN, MIMO OFDM Applications 

Double your data throughput capability and improve power efficiency with a single part. Dissipating just 395mW per channel, 
the LTC®2285 allows twice the signal bandwidth without compromising system efficiency. It also offers the best channel-to- 
channel crosstalk performance of -1 lOdB. Try our Eval system and see for yourself. 



▼ Features 



Sample Rate: 125Msps 

14-Bit, 12-Bit, 10-Bit Resolutions 

Low Power: 790mW 

72.4dB SNR, 88dB SFDR @ 14-bits 

-llOdB Channel Isolation at lOOMHz 

Single 3V Supply 

Flexible IVp.p or 2 Vp_p Selectable 
Input 

Data Ready Output Clock 
64-Pin, 9mm x 9mm QFN Package 



Low Power Dual ADC Family 



Speed 


14-Blt 


12-Bit 


10-Bit 


Power 


125Msps 


LTC2285 


LTC2283 


LTC2281 


790mW 


lOSMsps 


LTC2284 


LTC2282 


LTC2280 


540mW 


SOMsps 


LTC2299 


LTC2294 


LTC2289 


444mW 


65Msps 


LTC2298 


LTC2293 


LTC2288 


400mW 


40Msps 


LTC2297 


LTC2292 


LTC2287 


235mW 


25Msps 


LTC2296 


LTC2291 


LTC2286 


150mW 


lOMsps 


LTC2295 


LTC2290 




120mW 



Info & Free Samples 



www.linear.com/2285 

Literature: 1-800-4-LINEAR 
Support: 408-432-1900 




XT LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their 
respective owners. 




TECHNOLOGY 



designideas 



To obtain a continuously vat iable duty 
cycle, Figure 2 shows how to con- 
nect potentiometer to the common 
junction of Rp R,, and R^. The output 
waveform's duty cycle, D^C, follows 
the equation: D-|-C=(Rj+Rj+R^^^)/ 
(R, + 2R,+R3+Rpo-r), where R^^^ is 
the potentiometer's end-to-end resis- 
tance, and Ry^j^ is the fraction of RpQ-p 
between the rotor and R^. As the equa- 
tion shows, D^C depends linearly on 
R^^j^. Switch S| comprises one section 
of a 4066 CMOS quad bilateral SPST 
switch, IC,. 
You can use the circuit in Figure 3 



to evaluate duty-cycle linearity. A ro- 
tary switch and a tapped series string of 
16-kfi resistors provide a 10-kHz sig- 
nal with nine discrete, equally spaced 
duty-cycle values ranging from 2 to 
98%. For accurate results, use a 5Yi- 
digit multimeter to match the values 
of resistors R^^ through R^^ and a Tek- 
tronix 3012 oscilloscope or equivalent 
to gather D^C data. 

Microsoft's (www.microsoft.com) 
Excel-spreadsheet software includes 
a linearity analysis that returns the 
following trend line for the duty- 
cycle measurements: D^C = 0.7565X 



Ry^^+2.1548; R^=l. The value of 1 
for R^ as Excel calculates shows that 
the transfer function is perfectly linear. 
Switch Sj's on-resistance and particu- 
larly its leakage current slightly affect 
the D^C-versus-Ry^j^ equation's slope 
and intercept, but the equation re- 
mains strictly linear. Using only one of 
IC^'s four switches eliminates leakage 
effects and crosstalk that would occur 
if other circuits used the remaining 
switches. In addition, using moderate- 
ly low values for the resistor network 
further reduces leakage-current effects 
on circuit performance.EDN 



Drive a blue LED from a 3V battery 

Sergi Sanchez, Federal Signal Varna SA, Vilassar de Dalt, Spain 
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MH Using a blue LED can pose prob- 
HH lems when available power-sup- 
ply voltages don't meet or exceed the 
LED's 3V forward-voltage drop. This 
Design Idea shows how to drive a 
blue LED from a 3V battery or anoth- 
er power supply. The circuit in Figure 
1 uses the On Semiconductor (www. 
onsemi.com) NCP1729 voltage in- 
verter, ICp to produce enough voltage 
to drive blue LED D^. Transistor 
serves as a constant-current limiter for 
the LED's forward current. When cur- 
rent through the LED and R^. increases 
to a level that develops enough base- 
emitter voltage to turn on Qj, Q^'s col- 
lector draws current from the voltage 
divider comprising Rj and R, and forc- 
es ICj to shut down. The voltage in- 
verter restarts when the voltage drop 
across Rg falls below Q^'s base-emitter 
turn-on thresh- 
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Figure 1 This circuit uses the On Semiconductor NCP1 729 voltage inverter, 
IC,, to produce enough voltage to drive blue LED D^. 



old. Pulling tran- 
sistor Q^'s base to 
ground through 
R, turns on the 
circuit. 

In this appli- 
cation, the LED 
exhibits a volt- 
age drop of ap- 
proximately 3.3V at 10 mA forward- 
bias current. Table 1 illustrates the 
LED's applied voltage, Vg^.j-+ I V^^j.^ I , 
and Qj's base-emitter voltage for vari- 
ous battery-voltage values.EDN 
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MONITORS/SEQUENCERS 

Configure as Quad-Voltage Monitor/Sequencer or as Four Independent Supervisors 

Versatile Solution Can Be Used Across Multiple Platforms 
To Simplify Inventory Management 



SUPPORTS VOLTAGES 
UP TO 28V 



DC-DC OUT_ 

EN_ 




FIXED/ADJUSTABLE 
THRESHOLDS MONITOR 
DOWN TO 0.5V 



MONITOR AND SEQUENCE 
UP TO FOUR VOLTAGES 



OUT_ IN_ 

>I/I/JXI>I/I 

MAX16025-MAX16030 



TOL TH1 THO 



THREE LOGIC INPUTS SELECT 
1 OF 18 THRESHOLD COMBINATIONS 




DELAY_ 



EXTERNAL CAPACITORS SET 
FOUR INDEPENDENT DELAYS 



Part 


Voltages Monitored 


Outputs 


RESET Output 


Package 


M AX1 6025/MAX1 6027/MAX1 6029 


Dual/triple/quad 


Open drain 


Open drain 


4mm X 4mm 
TORN 


M AX1 6026/MAX1 6028/MAX1 6030 


Push-pull 


Push-pull 


M AX1 6041/MAX1 6042/MAX1 6043 


Open drain 


Push-pull 



For More Information on Power-Supply Sequencers, 
Go to: www.maxim-ic.com/sequencers-trackers 



yki>jxi>ki 

www.maxim-ic.com 
FREE |iP Supervisory Design Guide — Sent Within 24 Hours! 

CALL TOLL FREE 1-800-998-8800 (7:00 a.m.-5:00 p.m. PT) 
For a Design Guide or Free Sample 



1-888-MAXIM'IC 



ARROW ELECTRONICS, INC. 

1-800-777-2776 



js^— eiectranics marketing 
1-800-332-8638 



Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark. 
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp. 

© 2007 Maxim Integrated Products, Inc. All rights reserved. 



designideas 



Add simple disable function 

to a panoramic-potentiometer circuit 

Lawrence Mayes, Malvern, United Kingdom 



In audio-mixing applications, 
one frequently required func- 
tion involves mixing a monaural or 
single-channel source into a stereo- 
sound field. Audio engineers refer to 
a panoramic-potentiometer circuit as 
a circuit that generates left and right 
signals of correct amplitudes from a 
monaural signal and places the signal's 
image anywhere in a stereo-sound field. 
For the image's loudness to appear in- 
dependent of its final position, the de- 
rived left and right signals must add to 
produce a constant-power signal rather 
than a constant-voltage signal. 

The widely used circuit in Figure 1 
performs this function by dividing the 
monaural signal between the two ste- 
reo channels and varying each chan- 
nel's gain between zero and M such 
that at R^'s centered position, each 
channel's gain is 0.707M. If you cal- 
culate component values to achieve 
these conditions, then the circuit pres- 
ents the remarkable property that, for 
all positions of R^'s wiper, the sum of 
the powers in the left and right chan- 
nels is constant to within 0.19 dB. 

You can use a DPDT switch, Sj, to 
bypass the circuit and thus remove it 
from the audio chain (Figure 2). As 
an alternative, you can add two resis- 



THE CIRCUIT 
OF FIGURE 1 



VmO- 



-o s, 



-o 



BYPASS 



Figure 2 A DPDT switch removes the pan- 
oramic potentiometer but introduces wiring 
complexity and transients. 



tors and use an SPST switch to dis- 
able or enable the circuit. The circuit 
in Figure 3 presents the same gain 
characteristics as in Figure 1. Clos- 
ing switch Sj enables the panoram- 
ic-potentiometer function, and open- 



ing the switch produces a fixed cen- 
tral-sound image. Additionally, from a 
practical viewpoint, the circuit of Fig- 
ure 3 simplifies wiring and introduc- 
es no significant switching transient 
because enabling the panoramic-po- 
tentiometer function involves only 
grounding R^'s wiper. Even when you 
use preferred-value components and 
disregard component tolerances, the 
circuit introduces a maximum gain 
error of only 0.21 dB.EDN 
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Figure 1 In this basic panoramic-potentiometer circuit, the position of R,'s 
wiper controls the position of a monaural image in a stereo audio signal. 
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Figure 3 Adding resistors R, and Rg and SPST switch S, simplifies wiring and 
minimizes transients. 
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Simple single-cell white-LED driver 
uses improvised transformer 

Jim Grant, Scientific Controls, Orlando, FL 



A white LED delivers a wide 
color spectrum and better vis- 
ibility than do monochromatic LEDs. 
However, a white LED presents a high- 
er forward-voltage drop than do its col- 
orful counterparts and thus poses prob- 
lems for operation from a single 1.5 V 
cell. The self-oscillating step-up con- 
verter in Figure 1 features a minimal 



component count and an easily assem- 
bled transformer, T^. 

During the time it takes to charge Tj's 
primary inductance, resistor Rj and T^'s 
added secondary winding provide suf- 
ficient base current to turn on Q^. Q^'s 
collector current increases until its base 
current can no longer hold the transis- 
tor in saturation. When comes out 
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Figure 1 Two transistors and an easily assembled transformer drive a white 
LED from a single 1 .5V battery. 



of saturation, Tj's magnetic flux and 
secondary-voltage polarity reverse. 
During T^'s primary-discharge inter- 
val, the combination of Tj's secondary 
voltage in series with Q^'s base-emitter 
voltage applies reverse bias to Q^'s base 
and turns off the transistor. When 
turns off, the voltage across T^'s primary 
inductance adds to the battery voltage 
and applies a forward bias to the LED, 
Dj. The current through Rj determines 
the power applied to the LED and ap- 
plies forward bias to Q^'s base-emitter 
junction to provide temperature-com- 
pensated bias voltage for Q^. 

The breadboarded circuit's trans- 
former, Tj, comprises eight turns 
of AWG #30 insulated wire wound 
around the body of an unshielded 100- 
jjlH axial-lead inductor, producing ap- 
proximately 400 mV p-p across the 
secondary winding. (Editor's note: 
Observe the winding's polarity dots. 
If the circuit fails to oscillate, reverse 
the connections to either the prima- 
ry or the secondary winding.) The 
circuit operates over an input volt- 
age range from just above Qj's base- 
emitter voltage drop of approximate- 
ly 0.6V to the LED's forward-volt- 
age drop of approximately 3V. The 
circuit's switching frequency exceeds 
340 kHz at 1.5V input.EDN 



Implement a stepper-motor 
driver in a CPLD 



Stephan Roche, Santa Rosa, CA 

■ Based on the Motorola (now 
Freescale, www.freescale.com) 
heavily used but obsolete SAA1042 
stepper-motor-driver IC, this Design 
Idea describes a CPLD (complex-pro- 
grammable-logic-device) -based im- 
plementation of a stepper-motor driv- 
er that can also replace the driver in 
SAA1027- or UCN5804B-based de- 
signs. The design uses only six mac- 
rocells of a Xilinx (www.xilinx.com) 
XC9536 CPLD and thus can imple- 
ment multiple stepper-motor driv- 
ers in one small-capacity CPLD. The 
CPLD stepper-motor driver requires 



clock, direction, step-size, and reset 
inputs. The clock input accepts logic- 
level pulses and goes active on the 
pulse's positive edge. 

The direction, or CW/CCW (clock- 
wise/counterclockwise), input deter- 



mines the motor's rotational direction. 
Depending on the motor's electrical 
connections, holding this input at OV 
normally produces CW rotation, and a 
logic- 1 input produces CCW rotation. 
The step-size — that is, full- or half- 
step — input determines the motor's 
angular rotation for each clock pulse. 
Holding this input low commands the 
motor to execute a full step for each 
applied clock pulse, and a high input 
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New LED Drivers Power 1 W/3W LEDs up to 1A 



LM3402/04 Regulators Offer Low Current-Sense Voltage to Reduce Power Loss and 
Deliver High Efficiency up to 95% 
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• Easy-to-use and low external parts count 

• Switching frequency up to 1 MHz 

• Constant on-time control with voltage feed-forward 
for nearly constant switching frequency over the 
full line voltage range 

• Low 0.2V feedback reference minimizes power losses 

• Low shutdown current when Rqn pin held low 

• High voltage capability supports long strings of LEDs 

• Choice of 0.5A or l.OA peak current capability 
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Ideal for use in automotive, industrial lighting, gaming/vending machines, general illumination, and 
architectural lighting applications 
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produces a half-step. A high level on 
the reset input puts the motor in a pre- 
viously defined state and commands 
the CPLD to ignore any incoming 
clock pulses. 

The CPLD's outputs comprise A 
and A_n and B and B_n phases, each 
of which controls one of the motor's 
two coils through external power driv- 
ers IC^ and ICj, which operate at the 
motor's nominal voltage (Figure 1). A 
pair of Schottky diodes at each driv- 
er's output protects the drivers' outputs 
during inductive-voltage transients in- 
duced by reversing the windings' cur- 
rents. Using MOSFET drivers with 
internal diodes, such as Microchip's 
(www.microchip.com) TC4424A dual 
driver, may eliminate the requirement 
for external diodes. 

The CPLD's program comprises an 
eight-state Moore finite-state machine 
that corresponds to the motor's eight 
half-step states. Table 1 shows the driv- 
er's outputs for each machine state. In 
full-step state mode, the state machine 
executes only Step 0, Step 2, Step 4, 



and Step 6. At each clock pulse's rising 
edge, the machine state changes from 
Step(n) to Step(n+1) if CW/CCW is 
high or from Step(n) to Step(n— 1) if 
CW/CCW is low. You can download a 
generic VHDL implementation of the 



stepper-motor-driver firmware from this 
Design Idea's online version at www. 
edn.com/070215di2. Although written 
for an XC9536 CPLD, the code is also 
suitable for any CPLD or FPGA target 
device.EDN 
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Figure 1 Emulating a dedicated stepper-motor controller, a programmable-logic 
device, IC,, applies stepper-motor signals to motor drivers IC^ and IC3. 



AS1 109/10 - High Performance LED Driver 



Detailed LED Error Detection 

Open, short or temperature error 
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Global Fault Monitoring 

Allows fast LED error detection 



oeoome 00000000 



AS1 109/10 

austriamicrosystems 



AS1 109/10 

auslriam ic rosy stems 



AS1 109/10 
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ow-Current Diagnostic IVIode 

Flicker tree testing of all LEDs in a display 



Get more technical info on austriannicrosystems complete portfolio 

of High Performance Analog solutions at www.austriamicrosystems.com 



West Coast (408) 345-1790 East Coast (919) 676-5292 
Order samples at https://shop.austriamicrasystems.com 




► 100mA Output Current per Channel 

► Open, Short and Temperature Error Detection 

► Low-Current LED Diagnostic Mode 

Easy to use, fast and powerful LED diagnostic modes. Ideal 
for critical LED applications lil<e emergency light indicators, 
traffic signs and traffic lights, fixed or slow moving displays in 
elevators, public transports or large stadium displays. 




Part No. 




AS1109 


AS1110 


Output Channels 


# 


8 


16 i 


LED Current (per Channel) 


mA 


100 


100 ^ 


LED-to-LED Matching 


% 






Supply Voltage 


V 


3 to 5,5 


3 to 5,5 


Package 




SOIC150-16 
SS0P1 50-16 
QFN(4x4)-16 


SS0P1 50-24 
QFN(5x5)-28 



a us triamicrosys terns 




a leap ahead 



92 EDN I FEBRUARY 15, 2007 



B the Powe 

Half the Size 



48 V Bus Converters Increase Port Density and Processing Througliput 




The V*l Chip Advantage 





_) 8Vdc 




■ 9.6 Vdc 

■ 12 Vdc 






48 Volt BCM Range 


BCM 


Vout 


Max Power 


Peak Efficiency 


Model No. 


(V) 


(W) 


(%) 


B048F015T14 


1.5 


140 W 


91.5 


B048F030T21 


3.0 


210 W 


95.0 


B048F040T20 


4.0 


200 W 


94.8 


B048F060T24 


6.0 


240 W 


95.6 


B048F080T24 


8.0 


240 W 


96.0 


B048F096T24 


9.6 


240 W 


96.2 


B048F120T30 


12.0 


300 W 


95.1 


B048F160T24 


16.0 


240 W 


96.0 


B048F240T30 


24.0 


300 W 


95.7 


B048F320T30 


32.0 


300 W 


96.5 


B048F480T30 


48.0 


300 W 


96.7 




32.5 X 22.0 X 6.6 mm 
1.28x0.87 x0.26 in 



48 V Bus Converter Module 

• 300 W Converter in 1/16 Brick Area 

• 1.1 in^ Footprint, 1/4 In Low Profile 

• Runs Cool 

• 97% Efficiency 

The new 48 V Bus Converter Modules 
(BCMs) offer 4x the power density, 
freeing board space for data processing 
and I/O functions, and increasing port 
density and triple play (voice/video/ 
internet) traffic capacity. 

Contact us now for comprehensive 
design-in support, evaluation boards 
and technical documentation via 
www.vicorpower.com/bcmedn or call 
800-735-6200. 



All parts in mass production and available from stock NOW! 



800-735-6200 



vicorpower.com/bcmedn 



Innovation 

0^ M AWARDS 




Continuous Advancing Innovation 
For 17 years, EDM's Annual 
Innovation Awards has continuously 
advanced enoineerino innovation. 



A/e 



N 



Sponsored by: 

electronics marketing 

kontpon ^jPISIKa^s Rambus. 



Last Years Sponsors Included: 



cadence 



I I n CI I LtH ni D HI E! 



Synplidly 
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SWITCHES AND RELAYS 




1 6A relay comes in subminiature package 

□ Able to switch 16A at 250V ac, the G5LE-E power pc-board relay series 
comes in 19.6X22.5X 15.2'mm packages. Available with coils in 5, 12, and 
24V dc, the devices have 360-mW power consumption. The relays have a 4.5- 
kV impulse-withstand voltage. Prices for the G5LE-E relays range from 75 to 85 
cents (5000). 

Omron Electronic Components, www.components.omron.com 



Current-sensing IPS tar- 
gets automotive systems 

□ Switching as much as 100 A, the 
lR33x high-side IPS (intelligent- 
power-switch) family features accurate 
current sensing and built-in protection 
circuits suiting 14V automotive appli- 
cations. In PWM (pulse-width-modu- 
lator)-controlled applications, the ac- 
curate-current-sensing feature provides 
feedback, allowing a microcontroller or 
an ASIC to control the load current. 
Additional features include a ±5% cur- 
rent feedback at maximum load current 
and a 100-kHz feedback bandwidth, 
suiting applications with a low-side 
switch, providing high-frequency PWM, 
and providing protection and load-cur- 
rent sensing for unidirectional dc-mo- 
tor-drive applications. The devices inte- 
grate overtemperature and overcurrent 



shutdown as well as reverse-polarity pro- 
tection. In the case of a reverse-battery 
condition, an integrated protection cir- 
cuit turns on the main MOSFET switch, 
relieving the intrinsic body diode and 
reducing thermal problems. The fami- 
ly also provides ESD protection and an 
active clamp circuit for safer operation 
and protection in harsh environments. 
Prices for the lR33x range from $1.44 to 
$1.95 (10,000). 

International Rectifier, www.irf.com 

SSR provides voltage 
insulation in miniature 
packaging 

□ The ASSR-1410/1420 SSR (sol- 
id-state relay) provides 3.75 kV of 
insulation protection. The 60V, 0.6A, 
Ifl devices come in a 1 Form A, single- 



channel SSR with MOSFET output in 
an SO-4 package and in a 2 Form A, 
dual-channel SSR in a DlP-8 package. 
The ASSR-1410 and -1420 cost $1.48 
and $2.49 (10,000) in SO-4 and DIP-8 
packages, respectively. 
Avago Techologies, www.avagotech. 
com 

Reflective infrared 

switch provides 

a 3-in. reflective distance 

□ Providing long-distance sensing 
that suits machine-automation 
safety switches, the OPB732 series has 
a reflective distance over 3 in., depend- 
ing on circuitry and reflective materi- 
al. This noncontact infrared switch in- 
cludes an opaque house, reducing the 
sensor's ambient-light sensitivity. Fea- 
tures include an 850-nm wavelength, 
a 100-nW power dissipation, a 50-mA 
maximum forward current, and a 1.8V 
maximum forward voltage, as well as a 
3V reverse dc voltage with a 100-|jlA re- 
verse current. Aiming at door closures, 
end-of-travel indicators, short-distance 
safety curtains, and product-positioning 
systems, the OPB732 reflective switch 
costs $2.97 (1000). 

Optel< Teclinology, www.optel<i nc.com 

GaAs RF switches have 
low insertion losses 

□ Targeting front-end applications, 
the RF1200 and RF1450 GaAs 
(gallium-arsenide) pHEMT (pseudo- 
morphic-high-electron- mobility- transis- 
tor) RF high-power switches suit multi- 
mode GSM/WCDMA cellular handsets, 
antenna tuners, and cellular infrastruc- 
ture. Meeting WCDMA requirements, 
the RF1200 SPOT (single-pole double- 
throw) switch provides a 0.35-dB inser- 
tion loss at 1 GHz, a 25-dB isolation at 
1 GHz, 2.6 to 5V control voltage, and 
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-80-dBc harmonics H2 at 1 GHz. The RF1450 SP4T (single- 
pole four-throw) switch provides a 0.6-dB maximum insertion 
loss, a 15-dB isolation at 2.2 GHz, 2.6 to 5V control voltage, 
and — 75-dBc harmonics at 1 GHz. Additionally, the switch 
features increased linearity performance suiting multimode 
WCDMA applications and integrated decoding logic, allowing 



two control lines for switch control. Fabricated with a 0.5-|jLm 
GaAs pHEMT process, the RF1200 comes in leadless QFN- 
6 packaging and measures 2X2 mm; the RF1450 comes in a 
QFN-16 package and measures 3x3x0.6 mm. The RF1200 
costs 59 cents (10,000), and the RF1450 costs $1.19 (10,000). 
RF Micro Devices, www.rfmd.com 



MICROPROCESSORS 



Emulator extends 
previous genera- 
tion's voltage range 

Replacing the E8 mod- 
el, the E8a emulator pro- 
vides C-source-level debug- 
ging at full speed with micro- 
controllers in the M16C, H8/ 
Tiny, or H8/Super-low-profile 
series. The new support tool 
extends the operating voltage 



range to 1.8 to 5V and adds 
a clock oscillator, enabling 
asynchronous communica- 
tion in line with a microcon- 
troller's operating frequen- 
cy. Providing a plug-and-play 
USB 2.0/1.1-compatible in- 
terface, the emulator operates 
in bus-powered mode using 
the USB power supply. Sup- 
plying 300 mA at 3.3 or 5V to 
the connected system, the de- 



DC/DC Converters 

RG78SA Switching Voltage Regulator Modules 



^ High efficiency > 90% typical 
^ Very low noise < 20mv p-p 
Output current to 1 .5 amps 
Pin compatible with LM78xx 
w Slightly larger than a TO-220 

^ Custom output voltages available 
from 0.8 to 12.5V and 6.5 Watts 




<^^^^>^io Grande Mi 



www.rgpower.com (505) 823-4512 




J 



vice also features 255 software 
breakpoints; four hardware 
breakpoints, including data 
and address matches; a forced 
breakpoint; and a branch-or- 
igin PC trace of the last four 
instructions before a break. In 
addition, the emulator allows 
referencing and modification 
of memory, on-chip I/O, and 
memory contents while ex- 
ecuting a program. The E8a 
emulator costs $125. 
Renesas Teclinology 
America, www.renesas.com 

Development kit 
targets eight-pin 
microcontrollers 

Based on the ST7- 
FLITEUS microcon- 
troller, the ST7FUS-Prim- 
er USB-powered evaluation 
and development package 
aims at the vendor's eight- 
pin ST7Lite microcontroller 
family. The vendor's Ul- 
traMusic application high- 
lights the internal RC oscil- 
lator, the 10-bit ADC, the 
12 -bit autoreload timer with 
PWM (pulse-width modula- 
tion), and the low- and aux- 
iliary-voltage detectors. Ad- 
ditional features include a 
C compiler, a RIDE software 
tool set, the RBuider appli- 
cation builder, the RFlasher 
programming interface, and 
the Raisonance uRLink in- 
circuit debugger. The in-cir- 
cuit debugger allows users to 



run, modify, and debug appli- 
cation code on the host com- 
puter through a USB connec- 
tion. Measuring 4.5X3.5 mm 
in a DFN-8 package, the ST- 
7FUS-Primer costs $12. 
STIVIicroelectronics, www. 
st.com 



DSP controllers 
have a high- 
resolution PWM 

□ Providing a 32-bit-wide 
datapath, the four 60- 
MHz TMS320F280XX DSP- 
based controllers include an 
on-chip, 12-bitADCandQEP 
(quadrature-encoder-pulse) 
interfaces. A timer captures 
and compares the signal out- 
put with 10 independent 
PWM (pulse-width-modula- 
tion) channels. Communica- 
tions interfaces include CAN 
(controller- area-net work), 
PC, UART, and SPI ports, 
depending on the device. The 
controllers use a 150-psec res- 
olution PWM, providing 16- 
bit accuracy in a 100-kHz 
control loop and 12-bit ac- 
curacy at 1.5 MHz. Available 
in an LQFP-100 package, the 
devices are AEC QlOO-auto- 
motive-qualified. The TMS- 
320F280xx costs $3.25. The 
TMS320F2808 eZdsp devel- 
opment kit allows developers 
to program the controllers; 
the kit costs $495. 
Texas Instruments, www. 
ti.com 
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More Competitive Bids 
On Your Business Purcliases 

Bull 



Streamline your business purchasing process 
by using BuyerZone to get fast, competitive bids 
from top local and national vendors. 

Join the millions who have saved time and money 
by relying on BuyerZone 's Request for Quotes service 
across more than 125 categories of business purchases. 

Best of all, it's free. 

Buy smarter and start saving today! 
Visit www.BuyerZone.com 



Use BuyerZone to get FREE price quotes 
for the following types of purchases: 

• Office Equipment 

• Marketing Services 

• HR & Benefits 

• Telecommunications 

• Office Furniture 

• Financing Solutions 

• Information Technology 

• Retail & Restaurant 

• Industrial 

• Construction 
...and more 



BuyerZone 

Where Smart Businesses Buy and Sell 



Reed Business Information. 



www.BuyerZone.com 
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DESIGN your two or four layer PC board 
SEND us your design with just a clicl< 
RECEIVE top quality boards in just days 



e)45resspcb.com 



Connect to the 
wireless world... 

....compact solution for wireless monitoring and control 



Ultra-low power 520MHz XScale technology 

Perfect solution for fanless solutions 

Support for GSM/GPRS, IDEM, CDMA modems 

On board GPS receiver 

Support for Linux and Windows CE 

Display controller for TFT and STN displays 

Serial ports for legacy communications 

USB, CompactFlash and ^K^^S 

PC/104 expansion i^S^^ 

Wide input DC input ML.^^ . 



ZEUS.... a scalable, ultra-low power 
solution for asset tracking and information 
display using cellular wireless & GPS tectinology. 

a division of 



:Z] EUROTECH 

7 G R U P 



Customer support Product longevity Extended warranty RoHS compliance 



888-941-2224 

www.arcom.com 



^Qrcom 

Think Embedded. Think Arcom. 
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This advertising is for new and current products 



MORE THAN A BOX! 




FOAM PROTECTION 
SYSTEMS 



37gase sizes 




www.PelicanOEM.com 

Log on or call 800.473.5422 to re- 
ceive a free OEM Solutions Kit. It 
includes foam samples, CAD files, 
and all the information you need to 
learn how you can install and pro- 
tect your equipment in a Pelican 
Protector^M Case. 



Jit 



GIGA-SNAP BGA 
SOCKETS AND ADAPTER* 




Giga-snaP BGA SMT Adapters allow 
affordable socketing. Request our 
free Catalog/CD today. 

• Ultra low insertion force 

• GHz bandwidth 

• Same CTE as PCB 

• Maximum solderability 

• Up to 2000 pins 

• 0.8 to 1 .27mm pitch 

• Industry's toughest socket 

Ironwood Electronics 
1-800-404-0204 
www.ironwoodelectronics.com 



Hovu to keep track of it all? 



Easily create and manage multi-level 
parts lists and specs, calculate costs, 
generate shopping and kit lists, print 
labels, generate RFQs and POs and 
much more... 



Parts 
Vendors 



Parts List Manager 
and Vendor Database 



Get the full function DEMO at 

WWW. trilogydesign. com 



Trilogy Design / 200 Litton Dr #330 
Crass Valley CA 95945 / 530-273-1985 
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mo IVIHz, 18 Channel, 
Portable Lagic Analyzer 




SnflfiTFT' 



Ultra Bright, Wide Viewing Angle, 
Impressive Color Images on TFT 



• 6.5x4.5 inches, 
Program in C/C+f 

• Relays, Opto- 
couplers. Solenoid, 

I Quad. Decoders 
i • 16-bit ADCs and 
I DACs,4-20inA 

• Supports QVGA TFT, 
Touch sreen 

" • 1 BaseT Ethernet with TCP/IP 
• CompactFlash with file system 
160 field Removable industrial screw terminals 



504 Ldw Cost Controllers wllh ADC, DAC, solenoid drivers, relays, PC-1D4, CompaetFlash, 
LCD, DSP motion control, 10 DARTs, 300 l/Os. Custom board design. Save time and money. 



1724 Pinsso Ave., Suite A 
. Dovis,CA 95616 USA 



'Fpp V7 Tel: 530-758-0180 • Fax:530-758-0181 



www.lern.tom ™»~|SS 
INC. salBS@tern.coir Sj ESa 



To advertise in this section call Alan Robinson at 408-345-4450 
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CHART YOUR COURSE 



LOOKING 



AHEAD 



TO ISQED, SPEAKING OF QUALITY 

The eighth International Symposium on Quality 
Electronic Design takes place March 26 through 
28 at the DoubleTree Hotel in San Jose, CA. This 
quiet conference has established itself as one 
of the few venues in which participants discuss 
the final quality of IC-based systems in a multi- 
disciplinary environment. Key topics this year will 
include the apparent conflict between product 
quality and time-to-market demands; the process 
of quickly bringing an IC-based product to vol- 
ume production; and the roles of platform-based 
design, methodology adjustments, and embed- 
ded quality-assurance structures in taking on the 
growing challenge of electronics quality. Visit the 
conference Web site at www.isqed.org. 



AT THE CONCEPT 

OF "CONSUMER QUALITY" 

Consumer electronics has not had a strong 
bond with quality over the years. But high 
definition is coming to video, bringing poten- 
tially excellent digital audio along with it. This 
situation is forcing everyone in the supply 
chain, from chip vendors on up, to at least 
think about image and sound quality in new, 
far more demanding ways. And that thinking 
is changing basic assumptions, design prac- 
tices, and— most painfully— manufacturing 
test. ED/V will take a hard look at one aspect 
of this problem— audio characterization and 
test— in its next issue. 




BACK 



AT THE BEGINNINGS 

OF FAULT-TOLERANT COMPUTING 

A 26-month reliability program conducted on 
an experimental digital differential analyzer 
computer produced only 25 instances of erratic 
operation of components. Incorporating built-in 
test equipment, this computer's circuitry, which 
is designed to operate all units at the lowest 
functional input rate, is said to assure a high 
degree of accuracy During the computer's 
development, a program of thorough test- 
ing of available tubes, resistors, diodes, and 
other components commenced, defining three 
types of tolerance for every unit. These were 
termed purchase tolerance, removal tolerance, 
and failure tolerance. "Purchase tolerance" 
is described as a perfect new part, "failure 
tolerance" is that of a part showing minimum 
remaining operative capability and "removal 
tolerance" is a component operating mid- 
way between the two— the point at which it 
should be replaced during routine mainte- 
nance. The computer's circuitry was then 
designed to operate with all components at 
failure tolerance, ensuring that components 
are removed well before an actual failure 
occurs. 

—Electrical Design News, February 1 957 



100 EDN I FEBRUARY 15, 2007 




our DRAM doesn't just save data - it saves energy 

An energy efficient DRAIVI configuration saves you big bucks, the bottom line is that DRAIVI can 
account for as much as 40% of a data center's energy costs. By moving to Samsung's high-density 
DRAM modules, a data center can realize significantly reduced energy consumption thus lowering 
overall operating costs. To see how Samsung DRAM can keep you in the black, visit 
www.samsung.com/semi/dram 
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PSoC^-based Capacitive Touch Sensing 

Maximize the design flexibility and integration of Cypress's 
PSoC solution to create a stylish:, durable interface. CapSense 
replaces buttons, switches, sliders and other mechanical 
inputs in your product. CapSense enables: 

■ Fast changes to your design at any stage from concept 
through production. CapSense is not a fixed-function ASIC 
or module; you are in control of your design at all times. 

■ Single-chip implementation supporting multiple interfaces - 
buttons, sliders, touch screens, touchpads and proximity 
detectors - on a variety of conductive substrates. 

■ Unique integration of additional functions - LED control, 
battery monitoring, motor control, ambient light sensing, 
etc. - all with the same CapSense chip. 

■ Quick time-to-market with powerful, visual embedded 
design tools allowing customized, system-level design. 




GET STARTED WITH CAPSENSE NOW 



Order a discounted CapSense Development Kit: 
www.cypress.com/capkit 

Request free PSoC CapSense IC samples: 
www.cypress.com/ capchips 

Download free PSoC Express™ visual embedded software: 
www.cypress.com/ capexpress 

Register for a CapSense NetSeminar: 
www.cypress.com/capseminar 




Applications enabled by PSoC® CapSense. 



Streamline your next design with CapSense: 

www.cypress.com/gocapsense 



'# CYPRESS 



PERFORM 
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